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| NTRODUCTI ON

RALPH J. GUTIIERRZ AND ANDREW B. CARRY

The spotted ow, Strix occidentalis, has becone a
species of concern to ornithologists, wldlife
biol ogi sts, foresters, and environnmentalists
because of its apparent need for old-growh
coniferous forest in the Pacific Northwest.
Because of the concern about spotted ows, a
synposi um was convened by the Cooper
Ornitholoical Society during its annual neeting
in 1984. Y4 The society wished to bring

concerns about spotted ow's before public,
scientific scrutiny. Qutiérrez was asked to
arrange the synposium and Carey was invited to
cochair the synposium Together, we expanded the
obj ectives of the synposium and planned this
publi cati on.

1/ The 54th Annual Meeting of the Cooper
Ornithol ogi cal Society, 1984 June 19-23, Arcata,
CA.

The synposi um was organized into three sections:
managenent, research, and theory. Ve felt that
an understanding of the laws and regul ations
governing Federal land managenent, the state of
spotted ow nmanagenent, the biology of spotted
ow's, and the predictions of ecological theory
were all essential for planning and eval uating
future research and managenent for the spotted
oM. W wished to bring this information
together in an arena of unconstrained discussion
and exposition of ideas. Thus we invited both
managers and researchers dealing with spotted
ows and theoretical biologists who did not have
experience with the spotted ow. Because we had
limted time for presentations, not all papers
published here were presented at the synposium
W have included the unpresented papers to ensure
a published report that would be a conplete
treatnent of spotted ow research and managenent
in the Pacific Northwest.
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PLANNI NG AND MANAG NG FOR THE SPOTTED OAL | N THE
NATI ONAL FORESTS, PACI FI C SQUTHWEST REG ON

W Dean Carrier

-

ABSTRACT:  The spotted oW (Strix occidentalis caurina) has been listed as a

sensitive species by the Pacific Southwest
and present-studi es-and surveys have |ed to the devel opment of a region-w de

Region USDA Forest Service. Past

,v']

network of ow territories to conply with the maintenance of viable

popul ations as required by the National
expl anation of the network is included.

H STORY

In 1973 and 1974, the California Department of
Fish and Game and the USDA Forest Service funded
an inventory of spotted ows to better understand
the status of this species in California. This
work was carried out by Gould (1977) and resulted
in a state-w de popul ation estimate of 192 pairs
in five mjor population concentrations.

During this period individual Forests al so began
to assess ow populations and habitats and to
consider owl's in Forest multiresource managenent
activities. Fairly intensive surveys of
suspected owl habitats were carried out in at

|l east four National Forests.

W DEAN CARRIER is the threatened and endangered
species biologist for the Pacific Southwest

Regi on of the USDA Forest Service, San Francisco,
Calif.

Forest Managenent Act. A brief

Fol | owi ng the passage of the National Forest
Managenent Act of 1976 (NFMA) and the issuance of
the regulations inplenmenting it, the Forest
Service began to assess many wildlife and fish
species to ensure that viable populations were
being maintained, as the Act requires. The
spotted ow, because of its purported need of

ol d-growth coniferous habitats, became the focal
point of this requirenent.

In 1978 the Oregon Interagency Task Force

devel oped a habitat managerment plan and

popul ation requirements for spotted ow s on

public lands in Oregon. The Pacific Southwest

Region fol lowed this |lead and began to assimlate

data on spotted ow popul ations and habitat use

in National Forests in California. Between 1975

and the present (1984) the Region has initiated, -
funded, or assisted in no |ess than 10 indivi dual =
research projects or status eval uations of

spotted ow s.

W

Because the Pacific Southwest Region chose to
treat both subspecies of spotted ow (Strix
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occidentalis caurina and S. o. Occidentalis)

identically, the system used-is based on the
Oregon-Washington Interagency Wldlife

Committee's plan with one major exception. This
exception is that the actual assessment and
allocation of nunbers of territories is relegated
to the individual Forests.

PLANNI NG STRATEGY

Using known habitat requirements, as taken from
available research data, the task of identifying
the nunmbers and networks of territories to be
mai ntai ned was assigned to each Forest. To
determne these popul ation goals, the Regional
plan established guidelines for devel oping an
interacting network of spotted ow territories
that would be distributed throughout the
geographic range of the species in California
north of the Tehachapi Muntains. The criteria
provide for grouping, spacing, and specific
characteristics of spotted ow territories. The
criteria were based on data collected in Oregon
and in the numerous |ocal studies that had been
conducted in the National Forests of northern
California, and on the west slope of the Sierra
Nevada range. Habitat requirenments were based
heavily on the studies by David Solis in the Six
Rivers National Forest and by Steve Laymon in the
central Sierra Nevada.

It nust be stressed that the devel opment of a
Regi onal network, based on a predeterm ned set of
habitat conditions necessary to provide for
spotted ow occupancy, was mainly an exercise in
nmodel ing National Forest nmanagement activities as
they relate to and interact with other resource
and land uses. In other words, on-the-ground
mai ntenance of individual territories may differ
under the standards devel oped for Land Managenent
Planning. As with nost species, local habitat
conditions and long-term adaption to specific
situations may well be inportant factors in the
success of individual pairs. Broad standards and
gui del i nes cannot enconpass all these factors;
thus, local adjustments are necessary when
actively applying these guidelines to specific
areas of land. The nodeling assesses the overall
costs in terms of other forest resources of

mai nt enance of spotted ow habitat, and
on-the-ground application provides for the actual
needs of the individual pairs making up this

net wor k.

The system for spotted ow habitat naintenance in
the Pacific Southwest Region was based on the
best information available. This is not to say
that we have all the answers; however, our

met hods were designed to provide for the
currently docunmented needs of this species.
Research in the Pacific Northwest and California
was reviewed and used in the devel opnent of our
criteria. The pioneering work of the Oregon

I nteragency Spotted OM Task Force and the
subsequent devel opnent of the guidelines for

mai ntaining viable populations of spotted ows in
that State were major factors used in the

devel opnent of the Pacific Southwest Region's
system

SPOTTED OAL TERRI TORI ES

The first level of the network is the territory.
Territories are areas suitable for maintaining
one breeding pair of ows. The ecological
characteristics of territories have been
determined through research and then translated
into vegetative conponents. For the nmpbst part, a
territory is conprised of a core area within
which the nest site, or probable nest site, is
located. This area is to contain 300 acres of
suitable habitat. If this amunt is not

avai lable, the existing stand is maintained. In
addition to this core area, an additional 700
acres of habitat within 1-1/2 mles of the nest
site will be maintained in no nore than three
parcels, one of which must suffice as an
alternate core area.

GROUPED TERRI TORI ES

The second level of this systemis the grouped
territories (formerly called Spotted OM Manage-
nent Areas or "SOVAS'). These are normally
conprised of three individual territories spaced
within 1-1/2 niles of each other. Sonme overlap
is allowed in providing acreage requirenents for
the three territories.

FOREST NETWWORK

The third level of the systemis the Forest
network. This provides for a system of
interacting groups of territories spaced
throughout the known geographic range of the
spotted ow in that Forest. The network provides
for spacing of these groups between 6 and 12 niles
apart although single territories can be no
further than 6 niles from adjacent ones.

| NTERACTI NG NETWORKS

The fourth level is the interacting network
between National Forests and other public and
private land areas maintaining spotted ow
habitat. Forests are required to coordinate with
adj acent |and managers and their networks are
reviewed and approved by the Regional Forester.

CURRENT STATUS

Territories for spotted ows have now been
delineated in all National Forests, with the
exception of the five southern Forests where all
known territories will be protected. Using
currently accepted survey techniques, territories
are presently being verified and boundaries
further refined.

The network for National Forest lands in
California will provide for approxinmately 500
pairs. This is exclusive of those pairs that are
not a part of the network, but are protected by
other land managenent constraints (e.g.,

wi | derness) and those ows in the five southern
Forests. O her resource managenent agenci es and




private lands wll provide additional territories
to add to the overall maintenance of spotted ows
in California.

DI SCUSSI ON

The managing of lands to provide for the needs of
|ate vegetative successional species is a new and
inexact art, at best. For years, we have had the
ability to set back succession for the enhancenent
of deer, quail, and pheasants; to nodify habitat
for turkeys, grouse, and elk; or to protect
habitats for many other species. There is,
however, little evidence of purposeful managenent
to speed up or nmanage for vegetative succession
to provide for those habitats that are devel oped
at the climx end of succession.

In inplenenting this system we are assumng that
the spotted oW will naintain viable popul ations
over tinme. But, howwill we knowif the system
is working? Wat additional research is needed
to assure this? Are known changes caused by |and

managenment activities or a natural sequence of
events? These are but a few of the nmany
questions that are asked of us as we try to
measure the exactitudes, demanded by the
scientific comunity, wth experimental |and
managenment schemes based on state-of-the-art
information. It is doubtful that there will ever
be "enough" infornation. As natural and

human- caused changes occur in these ecosystens,
wildlife population will fluctuate accordingly,
but probably not altogether predictably. Wo
will be the one to decide whether global climtic
changes, as predicted by some hydrol ogists, or
artifical habitat changes are responsible for
popul ation fluctuations in species.

LI TERATURE Cl TED
Gould, Gordon |., Jr. Distribution of the spotted

oW in California. Western Birds. 8: 131-146;
1977.
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H STORY AND CURRENT STATUS oF SPOTTED OW. ( STrRI X OCCl DETALI S) HABI TAT

MANAGEMENT |IN THE PACIFIC NORTHVEST REG ON, USDA, FOREST SERVI CE

Philip L.

Lee

ABSTRACT : As information has becone available on the status of the

spotted ow and its habitat needs,
has increased on National Forests.

the enphasis on managing for the ows
Managenent of ol d-growh forests has

evolved from rapid conversion of the stands to young tinber to the
acceptance of the need to retain this special habitat for species such as

the spotted ow .

of spotted ow habitat during Forest

Forest Supervisors by the Regional

| NTRODUCTI ON

Prior to 1970 little was known about the spotted
owm (Strix occidentalis) or its habitat in the
forests and it was not given any priority in
management of National Forests. Wat little
data existed on the ow indicated it was rare
and that few sightings had been made. During
the early 1970's, as work progressed on
legislation for the management and protection of
threatened and endangered species, the spotted
ow was proposed as "threatened" by the USD
Fish and Wldlife Service (U S. Departnent of
Interior, Fish and WIldlife Service 1973).

As nore people began to look for the ow, and
particularly as it becane the object of graduate

PHLIP L. LEE is Range, Watershed, Fish and
Wldlife staff officer, Siuslaw National Forest,
Pacific Northwest Region, USDA Forest Service,
Corvallis, OR

Detailed direction for

the assessment and devel opnent
Pl anning has been given to National
Forester.

studies, enough was |earned about it to question
the need for a Federal listing. As a result the
ow was not listed at the Federal |evel but was
classified in Oegon as threatened and in

Washi ngton as a sensitive species. The spotted
ow was given the designation "sensitive" by the
Regi onal Forester, Pacific Northwest Region of
the Forest Service (Region 61, and thus was

af forded special consideration by managenent.

Fol l owi ng passage of the National Forest
Managenent Act in 1976 regulations were witten
for inplementation of the Act. These

regul ati ons gave special enphasis to the spotted
owl because it net many of the criteria for a
"managenent indicator species". Those criteria
(Code of Federal Regulations, 36 CFR 219.19(1))
were: (1) that decreases in spotted ow

popul ations indicated potential negative effects
of planned managenment prograns; (2) the ow was
on the threatened species list in Oegon; (3)
the owl was a species of special interest; and
(4) the ow represented other species that were
dependent upon a major biological commnity, the
ol d-growth forest.




In the short time that the spotted ow has been
of special interest a lot of information
concerning its life history and habitat
requirements has been collected. New
information has required a continual change in
managenment direction by Federal |and managers.
This change is evident in the nunerous nenoranda
and letters between the various agencies and
interest groups and in direction being devel oped
for Forest Planning, which | reviewin this

paper .

EARLY PLANNI NG AND MANAGEMENT STRATEQ ES

It is not my intent to go into the details of
the early planning efforts regardi ng nunbers of
ow's or habitat requirements. It is inportant
to note, however, the evolution of acceptance of
bi ol ogi cal Information and the devel opnent of
direction for managenment of National Forest
lands for spotted ows.

An interagency conmttee nade up of biologists
fromthe Forest Service, Bureau of Land
Managenent, Fish and Wldlife Service, Oegon
Departnent of Fish and Wldlife, and Oregon
State University was forned in 1973 to prepare
the first Spotted OM Management Pl an.

bj ectives of the plan were to determne the
nunber and distribution of spotted ows in
Oregon and to reconmmend habitat managenent
practices. The recommendations coming fromthis
first effort were so controversial that on
August 16, 1973, the Regional Forester (Region
6) and the State Director of the BLMin O egon
issued a joint statenent that it was undesirable
to retain 300 acres of old-growth tinber around
every known spotted ow nest site. Reasons
given were: "(1) rigidly cast prescriptions
tend to become the accepted practice...; (2) it
appears reasonable to assume that the present

ol d-growth stands | ocated within acceptable
elevation limts, contain spotted ow

popul ations...; (3) we are confident that
further analysis will verify that sufficient

ol d-growth tinber stands exist to provide
interim . .protection.... (4) deternination of
the desired State-w de production |evel...should
be resolved before total protection of all
sighting areas...is undertaken...and; (5) the
managenment by individual animal |ocation

phi | osophy, when applied to all species...
presents a | and managenent spectre of
considerable magnitude." Managenent of ol d-
growth tinmber is a sensitive issue, and there
was a desire by some to liquidate the old growh
and replace it with young forests. Agency
managers were cautious in making decisions that
set aside |large acreages of old-growth forest
until rmore evidence supported the need.

During the next 3 years evidence continued to
come fromresearch and in 1976 the Regional
Forester issued direction that "Known nesting
sites will be protected until BUW'S (Biol ogical

Unit Managerment Plans) were devel oped..."

(mermor andum from Region 6 Director of Fish and

W dlife Managenent Novenber 24, 1976). At this

same time the BLM suggested that several

encl aves where birds were concentrated should be

set aside and not harvested for 10 years, during =
which tine investigation would continue.

Managenent recommendations and a statew de goal
of 400 pairs of nesting spotted ows were
established fromthe first Oregon Spotted Oa
Management Plan. In January 1977 the Oregon
Endanger ed Speci es Task Force recommended to the
Regi onal Forester a proposal for interimspotted
ow guidelines. These guidelines, supplenenting
the 1976 | ong-range goal of 400 pairs of spotted
ows in Oegon were: (1) for one year--1977--
protect all nests and areas where the ow s had
been sighted; and (2) during that year the task
force woul d devel op objectives and managenent
prescriptions to neet the goal and also identify
the nunber and distribution of habitats needed
to maintain a viable population in Oegon.

-‘ﬂ

In May 1977 the Regional Forester responded to
the task force that the National Forests would
protect spotted ow habitat as recomended
except where tinber sales already existed or
were planned for sale in 1977. The task force
was able to keep its conmitment and issued a
review copy of the "Spotted OM Managenent Plan"
on Novenber 3, 1977. The intent was to continue
to obtain data and update the plan as needed.
The next update occured in My 1979. Biol ogists
fromthe State of Washington also joined in the =
pl anni ng process and there is now an O egon-Wash-
ington Interagency Wldlife Committee that

considers matters pertaining to the spotted ow, -
along with other concerns. L3

Region 6 Spotted OM Managenent Cuidelines as
based on the managenent plan, were appeal ed by
the Oregon Wlderness Coalition on the
assunption that spotted ow habitat would not be
adequately protected. As a result of this
appeal, a new effort was nade to insure that

m ni num vi abl e popul ations woul d be protected
while Forest Planning was in process. The
details for this action were described by
menoranda in 1980 fromthe Regional Forester to
Forest Supervisors. In Mrch 1981 the

I nt eragency Conmittee reconmmended that the

gui delines be revised to include the option of
providing 1,000 acres of old-growth timnber per
pair until research nore clearly defines the
habitat needs of the ow.

In May 1981 a "Draft Pacific Northwest Region

Pl an" was issued by the Regional Forester. This
pl an included the proposed revision of the
Oregon Interagency Spotted OM Mnagenent Plan.
This docunent set recomendations on size and
distribution of habitat and popul ations by
ownership and described spotted ow habitat. In
May 1984 the draft became the "Regional Cuide

l’\‘?
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for the Pacific Northwest Region." %
Direction for spotted ow habitat nanagenent
planning is included in that document and is
discussed later in this paper.

CURRENT NATI ONAL DI RECTI ON

Recent U.S. Department of Agriculture direction
that affects the spotted ow is Departnental
Regul ati on Nunber 9500-4 dated August 22, 1983.
The followi ng excerpts show how this regulation
enphasi zes the requirenents of nanagenent and
pl anning under the National Forest Minagement
Act.

"It is the policy of the Departnent to assure
that the values of fish and wildlife are
recogni zed, and that their habitats...are
recogni zed and enhanced, where possible...

"A goal of the Department is to inprove, where
needed, diverse, native...populations of
wildlife... while fully considering other
department missions...

"Habitats for all existing native...species...
will be managed to maintain at |east viable
popul ati ons of such species...habitat must be
provided for the nunber and distribution of
reproductive individuals to ensure the continued
existence of a species throughout its geographic
range.

"Habitat goals...wll be established and
inplemented. This will be acconplished through
the Forest planning process...Habitat goals will
be coordinated with State Conprehensive Plans
devel oped cooperatively."

The Secretary established a Fisheries and
Wlidlife Issues Working Goup to nonitor

i npl enentation of the regulation and to

coordi nate managenent with other Federal and
State agencies. This direction was incorporated
in Forest Service Manual 2603 in June 1984 and
the policy for "WIdlife, Fish and Sensitive
Plant Habitat Managenent" was updat ed.

CURRENT FOREST PLANNING DI RECTION IN REG ON 6

In the draft regional plan each Forest was
assigned a nunber of pairs of ows to be used in
devel opnent of the Forest plans. These nunbers
were to be tested in the planning process to
determine their validity. A total of 375 pairs
were assigned to the Forests, 263 in Oegon and
112 in Washington (the 400 pairs for Oregon
mentioned earlier included all ownerships, not
just National Forests). These nunbers
represented the mnimum viable populations. In

. & Unpubl i shed Administrative Docunent, 1984,
"Regional Quide for the Pacific Northwest
Region', on file, Pacific Northwest Regional
Ofice, USDA Forest Service, 319 S W Pine
Street, Portland, OR 97208.

addition, four population levels representing
different management alternatives were devel oped
and Forest Supervisors were instructed to nodel
at least the mininum and the nininum plus 30
percent when assessing the inpacts on other
resources. This direction was, in part, a result
of a task force recomendation following the
appeal of the Oregon Wlderness Coalition. This
action brought a response from the Northwest

Ti mber Association nenbers who strongly protested
the consideration of an area 1,000 acres in size.

On Septenber 19, 1980, the Regional Forester
clearly stated to Forest Supervisors in a

meror andum (2670), that "...you not forgo your
options to manage for ow population levels in
your Forest Plan other than your tentative
allocation in response to public involvement... "
There will be a continuing public involvenent
process as Forest Plans are devel oped, and any

| ong-term decisions concerning spotted ow
habitat will follow this process.

In April 1983 Region 6 established a task force
to address concerns about the assunptions of
model s that were used to sinulate nanagenent
that would meet mininmum management requirenents
for wildlife benchmark assessments (a benchmark
is a habitat base to which all alternatives are
conmpared to show the effects of alternatives on
other resources and on the popul ation of a
species selected). Reviews by the Chief and the
Pacific Southwest Region of the Forest Service
raised sone questions about the two nethods used
to nodel spotted ow habitat managenent. The
two approaches used were: (1) to dedicate the
areas to spotted ow nmanagenent and defer tinber
harvest as long as the area neets habitat
requirenents; and (2) to manage the areas for
tinber while neeting mninmum requirenents for
the ows. The dedicated nethod sinply sets the
habitat aside and no programed tinber harvest
occurs.  The nmnaged approach provides for
tinber harvest over a long rotation either as
clearcuttings or harvesting individual trees.

The task force deternined (unpublished report)
that two variables affected the efficiency of
tinmber management while managing spotted ow s:
(1) the definition of old growh, especially the
rotation age; and (2) the size of the old-growth
stand. Because of this and other studies for
different Forests, Region 6 planning efforts
will evaluate both nethods or a conbination
where appropriate.

On February 9, 1983, the Regional Forester sent
"Regional Quidelines for Incorporating M ninmum
Managenent Requirements in Forest Planning" %

to the Forest Supervisors. The reason for

Regi onal direction for mininum managenent

z/ Unpubl i shed Administrative Docunent, 1983,
"Regional Cuidelines for Incorporating M ninum
Managenent Requirements in Forest Planning," by
Jeff M Sirnon, Regional Forester, Pacific North-
west Regional Ofice of the USDA Forest Service,
319 S'W Pine Street, Portland, OR 97208.




requirenents (MWR) for wildlife was to insure
consi stency across the Region in neeting
National direction. MRs also serve as baseline
constraints for devel oping benchmarks and
alternatives. These MVRs were not to be
construed as alternatives in thenselves. The
nunber of spotted ow s designated for each
Forest was based on Region-wide information.
Because these numbers were only approximate,
each plan alternative would be neasured against
the MVMRs and a determination made whether that
alternative was neeting the intent of the |aw

Using this direction, the Forests in Region 6
began to choose the areas that woul d be managed
for spotted owls to meet the MvRs. They also
began to develop distribution patterns that woul d
provide for interaction between the ows. The
gui del ines incorporated the latest information
fromthe Oregon-Washington Interagency Wldlife
Committee.

Fol l owi ng a review of the approach to MVRs that
several Region 6 Forests were using it was
determined that some itens needed clarification.
On April 16, 1984, this clarification and sone
additional direction was sent to the Forests.
Enphasi s was placed on habitat distribution as a
key to mnimum viable populations. Criteria for
di stance between spotted ow habitats had been
established. A requirenent to connect three or
more habitats whenever possible was added.
Following this direction, the mnimmviable
popul ation goal for spotted ow s increased from
399 pairs to 530 pairs.

The MVRs were devel oped over several nonths using
data from spotted ow research and the advice of
prof essional wldlife biologists and planners
fromall levels of the Forest Service. A brief
review of the planning of the forests with
spotted ow habitat reveals the follow ng:

1. Al Forests are using a grid pattern as a
pl anni ng nodel .

2. A few (41) habitats will be managed for
tinber over a |long-term harvest plan.

3. Most (489) habitats will be dedicated to ol d-
growth forest and will not be harvested so | ong
as they are suitable for spotted ows.

4, O the 530 sites, 413 currently contain
enough ol d-growth forest to make them suitable
as spotted ow habitat.

5. And, 117 sites have potential as ow habitat
but are not currently suitable because of the age
of the tinber. The particular age used as a
deternmining factor varies by forest but a forest
general |y becomes suitable for ow habitat
between 140 and 170 years of age.

6. There are 374,417 acres of comercial forest
affected by this management or about 4 percent
of the comercial forest base of those Forests
involved. (This data is tentative and subject
to change during the planning process.)

Consi derabl e refinenent and expansion was done
to plan for spotted ow habitat managenent in
the final Regional guidelines. Following is a
summary of sone of the guidelines:

1. The northern spotted oW w Il be considered
a "managenment indicator species" in Forest
pl anni ng.

2. To ensure that viable populations will be
mai nt ai ned, habitat must be provided to support
at |east a mini mum nunber of reproductive
individuals, and that habitat nust be well
distributed so these individuals can interact
with others in the planning area.

3. Each Forest is directed to:

A, Analyze and display the econonic effects
of providing for a specified nunber of
spotted ows.

B. Wien additional spotted ows are

di scovered, include these ows in the range
of alternatives considered in devel oping
Forest plans.

C.  Incorporate managenent for spotted ow s
into the planning process at those Forests
that discover ow's subsequent to this
direction.

D. Establish new m ni mum popul ati on nunbers
for those Forests where habitat is
deternined incapabl e of nmeeting the assigned
nunbers.

4. The nodeling procedures must neet the
following criteria:

A, Be silviculturally attainable.

B. Be designed to ensure maintaining viable
popul ati ons of ows.

C.  Provide for proper distribution.

D. Meet habitat needs as defined in the
proposed Spotted OM Managerment Plan (March
6, 1981) and the Regional MvRs (February 9,
1983).

5. One of the following nethods will be used to
nodel the effects on tinber yields:

A.  Dedicate the area to old growh.

B. Designate the area to nanagerment over an
extended rotation designed to neet habitat
needs.

C. Designate the area to uneven-aged tinber
managenment that nmeets habitat needs.

D. Designate the area to some conbination
of the above systens or manage different
areas under different systens.

6. At least two Forest plan alternatives
relating to spotted owl managerment will be

L
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evaluated. One alternative will evaluate the
Forest's share of the mnimum viable popul ation
for the Region and the second will evaluate the
m ni mum plus 30 percent. Qher alternatives
will be considered where indicated to neet

mul tipl e-use objectives.

Following is a summary of events in the
evolution of managenent direction for spotted
ow habitat in Region 6.

A CHRONOLOGY OF PLANNING I N REG ON 6

Pre-1973 Little interest in spotted ows.
Rapid |oss of habitat.

1973 Formation of Oregon Endangered Species
Task Force and recommendations from
task force to nanage 300 acres around
known nest sites; rejection of
recommendations by Region 6.

1976 Direction from Regional Forester to
protect known sites. Task force
recommends 400 sites be protected in
Oregon.

1977 First spotted ow management plan for
Oregon; assignnent of 290 pairs to
National Forests.

1978 Direction by Regional Forester to meet
intent of plan for 290 pairs.

1979 Region 6 spotted ow nmanagenent
gui del i nes devel oped; revised Oregon
Interagency Spotted OmM Managenent

Pl an.

1980 National Forests protecting all known
nest sites and verifying location of
ow s.

1981 Revision of nanagenent plan. |ssuance

of draft Regional plan; 263 pairs of
ow's assigned to National Forests and
in Oegon and 112 to National Forests
in Washi ngt on.

1983 Regi onal direction for determning
M ni mum Managenent Requirements in
Forest planning.

1984 Clarification and revision of 1983
direction; Forests establish new
mninuns of 530 pairs; Regional guide
finalized (replaced document referred
to as Regional plan).

RESEARCH

Spotted ow habitat often consists of nmature or
ol d-growth tinber on highly productive sites
capabl e of producing up to 90,000 board feet Per
acre in a 60-year period. There is a lot of
interest in how that land is allocated.
Questions, that research can answer, about the
conflict between the requirenments of the ow and
potential tinber production have been identified:

How are old growth tinber stands identified,
inventoried and properly classified?

Vhat happens to old growth when it is put under
managenent ?

What mix of old growth, mature, and other age
classes is acceptable to the ow ?

Vhat are the upper and |ower acreage limts that
affect the suitability of the site for ow
habi t at ?

Vhat is the upper limt on acceptable
di sturbance before the site losses it habitat
capability?

What is a nminimum viable popul ation of spotted
ows and what is its distribution?

What are the dispersal rates and distances by
sex and age of the spotted ow ?

SUMVARY

The spotted ow junped from obscurity to
National prominence in a few years. The reason
for this is the ow's affinity for old-growh
tinber along the west coast. Continued research
is needed to determine the allocation of spotted
ow habitat anong the ow, other old-growth
dependent species, and tinber production. State
and Federal agencies continue to plan these
allocations. Cooperation between the agencies,
private |and owners, and persons with an
interest in the oW and its habitat is essential
if a balance between the tinber productivity of
these sites and a stable population of ows is
to be achieved. The agencies involved are
seeking and using all available information in
planning for the future of these resources.

LI TERATURE C TED

U S. Departnent of Interior, Fish and Wldlife
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| MPLEMENTING A SPOTTED OAL MANAGEMENT PLAN:
THE G FFORD PI NCHOT NATI ONAL FOREST EXPERI ENCE

Wlliam C. Ruediger

ABSTRACT :

Managers faced with inplenmenting a spotted ow managenment plan

should anticipate the long-termrealities of |oss of habitat fromnatural

and human induced causes,
accommodat e changes,

the need to nmeasure suitability of the actual

the necessity of building in flexibility to

habi t at

and use by spotted ows prior to making I and allocations, and the role of

moni t ori ng.

| NTRCDUCTI ON

Over the last 6 years the Gfford Pinchot

National Forest, Pacific Northwest Region, has
been in the process of devel oping a spotted ow
management plan. The objective of the planis to
maintain spotted ow's, and other species that
utilize or require mature or "ol d-growth forest
conditions,' throughout their existing range in
the Forest. During this period of change and
exchange of facts and phil osophies, certain
realities have become evident and some
far-reaching and conpl ex chall enges have

surfaced. The conclusion is that the challenges
are growi ng each year and the options for solving
these challenges are decreasing. Decisions being
made today are going to dictate options and
success rates for tonorrow, and we cannot wait to
meke these decisions. Perhaps by looking at the
experience in the Gfford Pinchot, other

WLLIAMC. RUEDIGER is a wildlife biologist, USDA
Forest Service, Gfford Pinchot National Forest,
Vancouver, WA
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bi ol ogi sts and managers can evaluate their
situations and make better decisions.

There are several critical elenents | and managers
and bi ol ogi sts shoul d consi der when devel opi ng
and inplementing a spotted ow managenent plan.
These critical elements may have universal

appl i cation across the range of the spotted ow

or , on a broader perspective, they seemto apply
for any speci es being managed near mi ni num

popul ation |evels.

The key features of a spotted ow nanagenent plan
i ncl ude:

1. The quantity of habitat provided.

2. The quality of habitat provided.

3. The distribution of habitat provided wth
enphasis on key axis habitats which if lost could
i sol ate geographic popul ations.

4, Denpnstrated use by spotted ow s
(verification).

5. The ability of the individual management
areas and the overall plan to absorb unforeseen

i mpacts.
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The fol l owi ng docunents how these critical elenents
have evolved from and affected the Gfford Pinchot
National Forest's spotted ow nanagenent program
between 1978 and 1984.

QUANTI TY OF HABI TAT

Both the number of spotted ow managenent areas
provided and the size of each area are inportant.
In 1978, the Gfford Pinchot National Forest was
providing 40 acres of habitat around each spotted
ow nest site. As only one nest site was known

then, the total area managed for spotted ow s was
40 acres.
In 1979, the policy was changed to provide habitat

for 39 pairs of spotted ow's. Each pair was
allotted 300 acres of old growh or, if this was
not present, mature habitat in the Douglas-
fir/hem ock vegetative zone. The basis for 300
acres of habitat for each pair was the Oregon
Spotted OM Managenent Pl an. |f/_ Whenever

possi bl e, managenent areas where spotted ows were
known to exist were given priority over adjacent
areas wthout known pairs. The total area needed
to sustain this population level was 11,700 acres.

the Gfford Pinchot National Forest made a
decision that all spotted ow managenent areas
woul d be inventoried prior to selection to evaluate
habitat suitability. During this time, Munt St.
Hel ens erupted and destroyed approximately 24,000

In 1980,

acres of old growth and mature Douglas-fir/ hem ock
type forest, nuch of it known to contain spotted
ows. A new spotted ow management strategy was

prepared, this time utilizing 45 pairs of spotted
owms and 540 acres of habitat per pair (300 acre
nesting core plus three 80-acre foraging areas).
The basis for using this criteria was the O egon

I nteragency Spotted OM Managenent Pl an. g/_ The
total area necessary to sustain this population was
24,300 acres.

The Oregon Int eragency Spotted Om Managenment Plan
was revised in 1981, =/ reflecting the

then-current consensus that 1,000 acres of

ol d-growth habitat was necessary for each pair. In
1982 the Forest told Ranger Districts that 1,000
acres of habitat would be maintained for all pairs
identified in the Spotted OM Managenent Plan, and
that 1,000 acres would be maintained for all new
spotted ow pairs located

LL Oregon Departnent of Fish and Wldlife. 1978.
Spotted ow work group meeting, plan on file at the

NW Regional O fice, Corvallis, OR

| USDA Forest Service. 1984. Regional Quide for
the Pacific Northwest Region. Appendix C p.
c-5/6/7. On file at USDA Forest Service, Region
Six, 319 SW Pine, P.O Box 3623, Portland, OR
¥ USDA Forest Service. 1984. Regional Quide for
the Pacific Northwest Region. Appendix F, p.

F-2/3/ 4.
Six, 319 SSW Pine,

On file at USDA Forest Service Region
P.O Box 3623, Portland, OR
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until the Forest's plan was conpleted. The
number of acres necessary to sustain the spotted
owms identified in the Gfford Pinchot National
Forest Spotted OM Management Plan and the Munt
St. Helens Land Managenment Plan was 47,000

acres. An additional 7,000 acres received
tenporary reprieve from tinber harvesting as
"pair protection areas" pending final disposition
in the Forest's plan. The total acreage
receiving managenent enphasis for spotted ows

was 54,000 acres.

The situation as of 1984 is that there are now 14
“pair protection areas." The 47 pairs in the
Gfford Pinchot Spotted OM Managenent Plan and
Mount St. Helens Land Management Plan are also
being provided for, for a total short-term

commi tment of 61,000 acres.

There are several scenarios that could be
provided for the future, but let ne provide what
| consider a minimal approach for the Gfford
Pinchot National Forest. Recent analysis
suggests that the |owest nunmber of spotted ow s
that could be managed for over the long term
with a reasonable amount of risk, is
approximately 52 pairs. At this level, there
would be 10 habitats providing flexibility for
situations described later in this paper.

There are two ways spotted ow habitat could be
managed. The first option is referred to as
"dedi cated", whereby suitable areas of 1,000
acres would be identified and preserved. The
total area necessary to sustain 52 pairs under
this type of managenent would be 52,000 acres,
some of which is already being preserved under
such allocations as "wlderness" and *national
monument "

The second option would consist of managing
approximately 2,400 acres under a 240-year
rotation to sustain 1,000 acres of habitat
suitable for one spotted ow pair. |f 80 percent
of the spotted ow nmanagenent areas were mnanaged
with an extended rotation and 20 percent managed
as dedicated (in wlderness or national nonunment
status), the acreage necessary to sustain 52
spotted ows would be 110,800 acres.

QUALITY OF HABI TAT

Cccupied spotted ow management areas were
measured in the Gfford Pinchot National Forest
and the following stand characteristics were
observed:

1. Twenty to 40 large trees per acre (30-in.

diameter at breast height (d.b.h.) or larger).
2. Eight or nore large snags per acre (20-in.
d.b.h. or larger).

3. Twelve or nore downed |ogs per acre (12-in.
d.b.h. or larger).

4. Miltistoried stands with at
canopy closure.

| east 80 percent

the Forest
areas being considered for
The eruption of Munt St.

In 1980,
in all
managenent .

pl anned to inventory habitat
spotted ow
Hel ens




much of the

made inventorying inpossible over
O the

Forest; however, 23 areas were eval uated.
23 areas inventoried, 3 (13 percent) were
subsequently deternined to be unsuitable because
they lacked one or rmore of the previously
described habitat conponents. The three areas
considered unsuitable were replaced with nore
suitabl e areas nearby.

Between 1981 and 1984, approximately 25

addi tional potential habitat areas have been
inventoried. Five (20 percent) of these were
subsequent |y deternined to be unsuitable and
replaced with suitable areas. These areas had
prelimnary eval uations consisting of aerial
phot ogr aph revi ews and nonneasurenent ground
reconnai ssance.

Managers who have not neasured actual spotted ow
habitat parameters can likely assume that 15-20

percent of the areas being considered or managed
as habitat may not meet nininum standards.

USE BY SPOTTED OWLS

A significant portion of managenent areas judged
to be suitable habitat (even after a habitat
inventory) may not be used by spotted ow's. For
exanple, in the Gfford Pinchot National Forest
approxi mately 20 percent of the spotted ow
managenment areas have either had to be repl aced
because use by ow's could not be confirmed, or
the areas continue to be managed as habit at
without ows. |f habitat inventories had not
been the basis for |ocating nanagenent areas, an
estimated 40 percent of the spotted ow
managenment areas sel ected woul d not have been
suitable.

Spotted ow nmanagerment plans that are devel oped
with little or no information on habitat or use
can be expected to go through major revisions, or
they may not sustain expected population |evels.

DI STRIBUTION OF HABI TAT

Distribution strategies nust consider
availability and suitability of habitat, hone
range and territory sizes, dispersal distances,
and ot her pertinent behavioral and environnental
factors.

In the Gfford Pinchot National Forest, habitat
availability has necessitated nanagi ng spotted
ow s above the densities that could be sustained
if habitat were uniformy distributed.
Theoretically, if ny mathematics are close,
spotted ows could be managed at one pair per
40,000- 42,000 acres, using nmaximm distances
provided in the revised O egon Interagency
Spotted Oam Managenent Plan. Estimated mnimum
densities in the Gfford Pinchot National Forest
are one pair per 30,000 acres. This density is
about 25 percent greater than the theoretical

m ni mum and results fromthe existing
distribution of suitable habitat in the Forest.
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VWWen occupancy by spotted ow's (verification)
becomes a criterion for habitat suitability, many
old-growth areas may be excluded. Each
additional criterion further limts the selection
of choices and will tend to increase the density
of habitats managed. -~

(>

Interm ngled private and public |and ownerships
can also contribute to distribution, managenment,
and other resource inmpacts. This is a »
significant problemon many Forest Service and
Bureau of Land Managenent lands. Interm ngled
owner ships conmonly create at |east three
problems for the |and manager. First, the inpact
on tinber resources is increased for the managi ng
agency if all habitat requirements nust be
supported on half of the available land area,
which is a common situation where there is
railroad-ceded lands. Second, interningled
ownership nmay increase the density of ow s that
nust be nmanaged because of restricted
availability or suitability of areas that can be
selected. Third, managenent of habitat on
federal lands can be hanpered by factors such as
bl ondown and fragmentation, which can result from
| arge areas cutover on adjacent |ands.

ABILITY OF A SPOTTED OAL MANAGEMENT PLAN TO
ABSORB UNFORESEEN | MPACTS

The experiences | have had over a relatively
short period of time have convinced ne that an

important part of a spotted owl managerment plan

is its provisions for absorbing unforeseen A
i npacts such as natural disasters, |and ownership
or land use changes, and managenent mi stakes.
These inpacts can be catastrophic, as in the case
of the eruption of Munt St. Helens: nore often
they are subtle and cumulative.

r))

The following are exanples fromthe Gfford

Pi nchot National Forest of how these inpacts can
be wi despread and significant, even over the
relatively short timespan of 5 years.

Natural Disasters:

1. The eruption of Munt St. Helens elinmnnated
approxi mately 25,000 acres of mature and

ol d-growth forests on National Forest |ands known
to contain a high density of spotted ows.

2. The Christnmas Day windstormin 1983 caused

215 acres of blowdown in six spotted ow

management areas, including 75 acres in one core

area. This resulted in having to nake

adjustments in five areas, conbine two other

managenment areas into one, and relocate one

managenent area. Bl owdown appeared greatest

adj acent to harvest units, particularly in

| ocations where habitat had al ready been

fragmented by tinber harvesting. 2

Land Exchanges:

m),

1. Land exchanges south and west of Munt St.
Hel ens resulted in relocation of two management
areas. The land ownership pattern was

i ntermngl ed.
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2. Land exchanges to the south and west of Munt
Rainier National Park will likely result in the
loss of one or nore spotted ow management

areas. The land ownership patternis
i ntermngl ed.
Managenent Probl ens:

An escaped slash fire in 1979 resulted in 1,200
acres of old-growth habitat being burned. A
spotted ow managenent area tentatively planned
for this area was noved to another, less suitable
ar ea.

SUMVARY

Viability and flexibility of spotted ow
management plans and strategies will depend
| argely on:

1. ldentifying suitable habitat based on habitat
inventory data, verification of spotted ows and
evidence of breeding success. If possible, radio
telemetry should be used to focus on habitat used
by ows in contrast to habitat that may appear
suitable but does not receive use.

13

2. Providing nanagement areas that are larger
than the mnimm necessary to naintain ows so
there is flexibility to adjust for spatial needs
and allow for habitat attrition. Reliance on

m ni num si zed nanagenent areas (1,000 acres)
carries a high risk.

3. Considering distribution and |and ownership
patterns to identify key axis areas where
geographic popul ations could be isolated if
habitat were |ost.

4. Providing an adequate nunber of managenent
areas so that viability is maintained even if
several areas are lost. Enphasis for additional
areas should be placed at key axis locations to
ensure distribution criteria are met over tine.
Managenent plans or strategies that rely on

m ni mum popul ation |evels should be considered
hi gh risks.

5 Diligent nmonitoring of critical factors such
as dispersal of young, nortality rates, breeding
success, spatial and habitat requirenents, and

changes in habitat caused by natural and human

i nduced causes.




CLYMPI C NATI ONAL FOREST SPOTTED OAL HABI TAT MANAGEMENT:
TRANSLATI NG EVOLVI NG MANAGEMENT GUI DELI NES | NTO ACTI ONS

Maureen A. Beckstead

ABSTRACT:
abundance,

Significant progress has been nmade in identifying the distribution,
and habitat of spotted ows in the Oynpic National

Forest. I m

pl ementation of the Spotted OM Managenent Pl an has been conpl ex due to the

geography of the O ynpic Peninsula,
other resource conflicts.

conpl ete,

the vagaries of spotted ow behavior, and
The A ynpic National Forest is committed to a nore
site-specific know edge of spotted ow habitat use and continues to

gather data through nonitoring to help refine future managenment regines.

| NTRODUCTI ON

It is a task of personnel in Supervisors' Ofices
of National Forests to identify and clarify, to
define and refine nanagenment direction and gui de-
lines, and to oversee inclusion of the guidelines
in land managenent planning and field operations.
It is a task of personnel stationed at Ranger
Districts to interpret and enpl oy managenent
direction and guidelines in project planning and
field operations. These tasks are necessarily
conpl ex because they are often concurrent, usually
iterative, and always interactive.

The inpl ementation of spotted oW habitat nanage-
ment direction and guidelines has been conplicated
by the fact that this direction has been contin-
ually evolving, as has direction for devel opnent

MAUREEN A. BECKSTEAD, former O ynpic National
Forest wildlife biologist, is Landowner Relations
Program Manager for the Department of Gane,

A ynpia, WA
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of Forest Land Management Plans. This evolution
Wi |l continue as research and monitoring identify
new or nore refined informati on and as Forest
Land Managenent Plans are conpl eted, anended, and
revised.

Direction to the Oynpic National Forest

(Aynpic) to manage northern spotted ow habitat
is less than 5 years old. Early direction speci-
fied that this Forest would maintain a specific
nunber of "known" spotted ow habitats and guide-
lines were developed that indicated the size and
distribution of suitable habitat within each
Spotted OM Managerment Area (SOWA). Fol | owi ng
several changes, later direction specified size
and distribution of suitable habitat wthin SOWAs,
m ni rum and nmaxi mum di st ances bet ween SOMAs, and
a distribution that would allow owls in any one
SOVA to disperse to at least three other SOWAs.

I mpl enentation of managenent direction and guide-
lines for size and distribution of habitats is
conplicated by certain geographic features par-
titular to the Aynpic. Myjor features include:

s

‘@

9

v



-\

‘3)

N

probabl e geographic isolation from suitable habi-
tat in the Cascade Range; size and shape of I|ands
managed by the Qynpic; previous |and management

and fire history of the Qynpic and adjacent |and-
owners.
Add to these features the facts that little infor-

mation is available regarding spotted ows or
habitats on adjacent lands and that spotted ow
behavi or appears to vary from year to year and
area by area. Inplenentation of a spotted ow
managenent plan may have to enploy large doses of
"best professional judgnent" to neet the intent,
if not always the letter, of management direction.

The purpose of this paper is to discuss the tech-
niques and procedures used, the progress to date,
and the difficulties encountered in identifying
and planning for SOMAs in the Qynpic. Aso im
portant to discuss is the need for continuing to
refine techniques, know edge, and nmnagenent
direction through nonitoring, evaluation, and re-
vision. Because direction, procedures, difficul-
ties, and progress were evolving at the same tine,
| have chosen a chronol ogical format for this dis-
cussion for the sake of clarity.

| MPLEMENTATI ON
Ancient History Through 1977

The earliest direction received by the Qynpic
stressed inventory of spotted ow's. Al

nest locations, and acres surveyed were to be re-
ported to the Pacific Northwest Regional Ofice by
July 1977. Interimto the conpletion of a Spotted

On Management Plan by the Oregon Endangered Spe-
cies Task Force, habitat diversity was to be main-
tained. Mre specifically, a conplete range of
successi onal stages was to be retained in areas of
8,000 to 20,000 acres.

To this time, no inventory of spotted ows had
been performed in the Aynpic b{ Forest Service
ersonnel . Howard R Postovit!/conducted the
irst survey in Washington in 1976. Several of
his survey routes occurred in Qynpic National
Forest and in Oynpic National Park.

Postovit surveyed areas of unharvested ol d-growth
forest, nosaics of old-growth and second-growth
stands, and uniform second growth. These were di-

vided into five classes by proportion of old
growth and 30 routes were randomy selected for
survey in each class. Routeswal ked were 2Y% niles
long; each route was wal ked twice while calling
ows at 164-foot intervals. If an ow response
was heard, Postovit moved three-quarters of a mle
before calling again to avoid calling the same
bird. Data collected within 327 feet of each ow

Y Unpublished report, 1977, "A Survey of the
Spotted OM in Northwest Washington," by Howard R
Postovit, National Forest Products Association,
1619 Massachusetts Avenue, N W, Washington, DC
20036

si ghti ngs,

15

location included elevation, topography, tree
speci es, canopy density, approximate stand age,
average dianeter at breast height (d.b.h.) of

overstory trees, and forest class.

Fourteen ows were located at 13 sites on the

A ynpic Peninsula and 8 owls were located at 7
sites in the Cascade Range. Alnpst all |ocations
were in old growh; the majority of surrounding
areas were nore than 66 percent old-growth forest.
On the Oynpic Peninsula, 9 ows were found on
National Forest lands and 5 ow's on National Park
land. Average slope was 55 percent; all ows
were |ocated on western and northeast slopes;
elevation ranged from 752 to 3,188 feet on the
west side of the Peninsula and from 1,488 to
2,747 feet on the northeast side.

Survey, 1978

Wlliam Brown, Jr., Forest Wldlife Biologist for
the A ynpic, contracted with Ken Dzinbal, Oregon
State University, to conduct a spotted ow survey.
The survey was designed to determne the existing
geographic range of spotted ows in the dynpic,
to provide prelininary information on habitat
preferences and ow density, and to refine inven-
tory techniques for future use.

Dzinbal, usually acconpanied by Ranger District
personnel, ran 417 mles of road transects in
over 40,000 acres of suitable habitat; i.e.,
areas that contained predominantly old growth
and that were under 4,000 feet in elevation.
Nonroaded pristine old growth and areas predoni-
nantly in younger stands were not surveyed for
practical reasons.

OMs were located by calling at night for 1 nin-
ute every one-quarter nmle along a road transect.
If a response was received, the observer moved 1
mle before calling again. Data collected at
each response location or sighting included as-

pect, percent slope, elevation, time, percent
cloud cover, noon phase, precipitation, wind
speed, and tenperature.

The survey resulted in a total of 51 responses
and 3 sightings, of which 13 may have been

mal e/female pairs, at 38 separate |ocations. Re-
sponse |ocations indicated spotted ow use pre-
dominated at midelevation ranges on noderately
steep slopes on northwest or southeast aspects.
OM use was different on west and east sides of
the AQynmpic. On the east side, locations of ows
averaged 2,750 feet in elevation and occurred
only on south, southwest, and southeast aspects.
On the west side, locations averaged 1,900 feet
in elevation, and 70 percent occurred on north,
northwest, and northeast aspects.

Density of ow's, based on responses and sightings,
were one owl (pair) per 8.9 niles of road sur-
veyed. Area density was calculated from clusters
of responses representing three or nore ows
(pairs). Area densities ranged from one ow
(pair) per 1.96 square niles to one ow (pair)

per 4.17 square niles. The assunmption in 1978
was that spotted ows were rarely known to live
separately so that each response was considered




a pair location. Mre recent survey and research
have cast doubt on this assunption.

H atus, 1979-1980

Though managenent direction and guidelines were
evolving rapidly during this period, activity at
the field level consisted of documenting acciden-
tal encounters with spotted ows and some nonstan-
dardi zed surveying of proposed tinmber sale areas.

In 1979, for the first time, the State of Washing-
ton joined the spotted ow planning process and
the Oregon-Washington Interagency Wldlife Commt-
tee revised the Spotted OM Managenent Plan (SOW)
During 1980, a USDA Forest Service task force de-
vel oped a process to determ ne various |evels of
viabl e spotted ow populations; it was assumed
that all ows in Oegon and Washington were one
interbreeding population. The Regional Forester
adopted the SOW and forwarded direction to the
Aynpic to maintain at least 17 SOMAs as a tenta-
tive, interim allocation. The Oynpic National
Forest Plan was to evaluate various alternative
management levels. SOMAs were to enconpass 1,200
acres of "known" spotted ow habitat and include
a 300-acre contiguous ol d-growth core around a
nesting site, plus at least three 80-acre feed-

i ng-perch patches nearby in order to inplenent
the SOMP. The Oynpic was directed to designate
confirmed or suitable SOMAs by July 1981.

Standards for confirmng SOMAs and verifying core
nesting areas were al so devel oped in 1980.2/_ Con-
firmation of general SOMA occupancy consisted of
two or nore visual observations or auditory re-
sponses of spotted ows in approximately the same
area, 72 or nore hours apart, anytime throughout
the year. Verification of a core area must be
made during the period from March 1 to August 31
and consist of one of the following: one or nore
visual observation or auditory response of an
adult male and female within the sane one-quarter
square mle area; three or nore visual observa-
tions or auditory responses of an adult bird in
the same one-quarter square mle area, 72 or nore
hours apart; or location of a nest or recently
fledged young-of-the-year birds.

Habitat for all known pairs was to naintained
until the Aynpic verified its mnimm nunber of
SOVAS. Further, once a SOMA was confirned, no
habitat nodification was to occur until the core
area was verified. Once the mnimm nunber of
SOVAs were verified, Forests were encouraged to
mai ntain habitat for other known pairs to provide
for alternative planning |evels.

| mpl enentation and Planning, 1981
The SOW was revised in 1981 and the Qynpic re-

ceived direction to establish SOMAs containing a
300-acre core area with an additional 700 acres

2[ Horn, Kirk M 1980, Information on file at the
USDA Forest Service, Pacific Northwest Region,
P.O Box 3623, Portland, OR 97208, 2 p.

of old growth within 1¥? niles. These SOMAs were
to be distributed no nore than 6 or 12 niles
apart depending on whether they contained a
single pair of ows or multiple pairs. Single-
pair SOMAs were acceptable only to neet distri-
bution requirements or where remnant habitat
existed. GOher direction continued, including
the prohibition on habitat nodification except
that, now, tinmber sold previous to Cctober 1980
was exenpt and available for harvest.

| was transferred to the Forest Wldlife Biolo-
gist position in 1981, though | had been working
on the Aynpic Forest Plan during the previous
year. It was already obvious that geography and
topography were going to make inplenentation of
the SOWP difficult, at best. The Aynpic re-
senbl es an el ongat ed doughnut, broken on the
west side by extensive areas of State and Indian
reservation lands and on the north by private
lands that surround the Oynpic National Park.
Wdth of the Aynpic in nost areas is 12 niles
or less and rarely exceeds 15 niles. Because of
previous, intensive and extensive fire history,
as well as a history of |ow and tinmber harvest-
ing, large areas were void of suitable spotted
ow habitat, as defined by the Regional Ofice.
I dentifying potential SOMAs to provide well-dis-
tributed habitat throughout the historic range
in the Aynpic planning area was inpossible. No
SOVAs were yet verified, but managing only 17
potential areas out of over 40 response and ob-
servation | ocations caused themto be strung out
l'i ke beads on a necklace at distances exceeding
management direction. Previous inventory of
ow s and habitat indicated that clusters of ows
for nultiple-pair SOMs were extremely rare ex-
cept on one Ranger District, so that a 6-nile
distribution of habitats was the norm Because
the previous survey was conducted only in roaded
areas, nost potential SOMAs were in conflict

wi th existing or proposed tinber sales and were
often already fragmented to sone degree.

Survey and attenpts at verification of SOVAs
were reinitiated in 1981. The Forest Super-
visor's direction enphasized (1) survey of pro-
posed tinmber sale areas to conply with the pro-
cess required by the National Environmental
Policy Act; (2) survey of roadl ess areas or

| ands dedicated to purposes other than tinber
managenment to reduce resource conflicts; and
(3) reinventory and verification of areas wth
a previous ow history.

Surveys were conducted at night between March
and Sept enmber using recorded spotted ow calls
anplified froma cassette tape player. Surveyors
i ncl uded personnel from any and every resource
area in District and Supervisor's Ofices. Crews
of two or nore drove a predeternined route,

st oppi ng every one-quarter mle and calling
every few seconds for 5 to 10 minutes at each
stop. On trail routes, calls were played every
few ninutes. Calling generally began 1 hour
after sunset and lasted about 4 hours. Response
| ocations or sightings were nmapped; tineg,

weat her, and comments were recorded.
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Al though 41 responses were received during 332
hours of survey, which conpared favorably to 51
responses in 276 hours in 1978 with many |oca-
tions repeats from 1978, no SOVAs were either
verified or confirmed to the regional standards
described above. It was noted in 1981 that mov-
ing 1 mle froma response or sighting was not
al ways enough, as sone observers were followed
by ows for several mles, particularly early in
the breeding season. Also, about half of the
areas where ow's were |ocated in 1978 that were
checked in 1981 did not produce ow responses.

I npl ementation and Planning, 1982

The O ynpic issued direction that verification of
at least 17 SOMAs was a high priority so that
Forest Plan devel opment coul d proceed based on
site-specific information. The Qynpic also
agreed to participate in the L-year spotted ow
census organi zed by the Departnent of Gane,
however, and was conmitted to run eight census
routes in the Forest and Park. Funding for these
activities was ninimal so verification efforts
were also linited.

Details regarding procedures used for the State
census routes are presented elsewhere

(Al'len and Brewer 1985). Efforts at verification
foll owed regional standards. Though 40 ow re-
sponses were received in 442 hours of survey, only
three SOMAs were verified on two Ranger Districts
by the end of the season. Two SOMAs were within

3 nmiles of one another, further conplicating the
distribution problem Mny response |ocations
repeated those of either 1978 or 1981, or both,

but some were new, and again resurvey of old |oca-

tions produced responses only about half of the
tim. It was also apparent, through annual re-
sponses, that in at least one Ranger District ows

were using habitat not considered "suitable" by
Regional Ofice definition.

To proceed with the devel opment of the Qynpic
Forest Plan, potential SOVAs were allocated to
each District according to the following priori-
tized criteria:

1. SOVAs already verified;

2. Potential SOVAs with a history of previous
responses or sightings;

3. Potential SOMAs with no history of occupation,
that were needed to neet distribution criteria for
suitable habitat, but with few resource conflicts;
and

4. Potential SOMAs with no history of occupation
that were needed to meet distribution criteria,
but either had resource conflicts or habitat not
considered imrediately suitable.

These potential SOVAs were entered into the Aym

pic's Total Resource Inventory System (TRl Systen),
whi ch served as the data base for the Forest Plan
and the automated mapping system R-2 Map. From

these systens, detailed information could be re-
trieved for each potential SOMA; information that
included nunber of acres assigned inside and out-
side the core, elevation, aspect, vegetative eco-
class, stand tree size, and stand year of origin.
Where there had been any silvicultural exans or
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inventory plots within a SOW, data also included
percent of area in trees, shrubs or grass-forb
stages, major species, and a history of any man-
agement activity or direction.

Following allocation, the extent of conflict with
other resource activities becanme nore apparent.
For instance, all three SOWAs verified in 1982
contained timber sales already sold as well as
proposed sales. One SOVA had tinber units sold
prior to Cctober 1980 (which were exenpt) in the
core, including the suspected nest tree. Loca-
tions of a radio-collared male from this SOVA
showed him to be repeatedly using areas schedul ed
for harvest within 1 to 2 years. The Qynpic is
presently in the expensive and tine-consum ng
process of nodifying several sales to provide
protection for areas of ow use.

The need for continuing refinenent and interpre-
tation of managenent direction coupled with |arge
doses of "best professional judgment" arose along
with the imrediate and ongoing requests for bound-
ary changes to accommodate other resource needs.
A careful balance of priorities was needed to re-
solve resource conflicts that included theoreti-
cal know edge of life history and habitat use of
spotted ows weighed against the ability of man-
agers to acconplish their tinber managnent acti-
vities el sewhere.

Sem -finally, 1983

The Forest Supervisor for the O ynpic issued
direction to Ranger Districts to conplete verifi-
cation of their mnimmallocation of Sows plus
one additional area by the end of the 1983 season.

Again, the Forest's funding was minimal so that
only half of the State's census routes were com
pleted, as enphasis was placed on verification.

This direction stemmed from the recognition that
pl anning based on potential SOMAs was a major
factor in the difficulties described previously,
and that a site-specific know edge of spotted
owm use would lend nore credibility to the

deci si on- maki ng process.

During an intensive effort involving 1,577 hours
of field work, of which one-third was volunteered
77 responses or sightings were recorded. Four-
teen SOMAs were confirnmed and nine core areas
verified within them Though the total alloca-
tion of 17 SOVAs had been confirmed, the require-
ments for distribution of habitat could not be
met because all but two seenmed to be single-paired
and because of the geography of the Forest.

Q her possible anonalies appeared with the con-
firmation of two SOMAs in habitat previously
consi dered "unsuitable)"' one of which produced
two fledglings. Special attention was given to
this SOVA due to the paucity of old growth within
11/2 mles of the nesting area. Mich of the Ranger

District, including the SOV area, includes 90-
year-old, or younger, stagnated stands ranging
from 5,000 to 20,000 stens per acre. Sone areas,

however, contained old-growth elenents such as
interspersed larger trees and snags. In an
effort to deternmine the appropriate size and
shape of this SOMA, an attenpt to deternine the




prey base, prey base density, and habitat use by
the ows was begun. Departnent of Game captured,
radio-collared, and nonitored habitat use of the
two fledglings through mid-1984, though the
fledglings soon dispersed from their natal area.
District personnel and | collected eight pellets
from the fledgling roost area. These were ana-
Iyzed by Mirray Johnson, University of Puget Sound,
and were found to include nine northern flying
squirrels, tw red-backed voles, and one adult
three immture bushy-tailed woodrats. | also
observed a cached (partial) snowshoe hare while
col lecting pellets. Funds were requested to
determ ne prey base density in order to estimate
the amount of habitat necessary to support the
dietary needs of an adult pair and two fledgling
spotted ows.

and

Because of these anonalies, distribution difficul-
ties, erratic occupancy of specific areas, and

the long distances apparently traveled by curious,
defending, or dispersing spotted ows, the Oynpic
in concert with the M. Baker-Snoqualme and G f-
ford Pinchot National Forests cooperatively devel -
oped a SOMA nonitoring plan with Forest Service
research and the Washington State Department of
Game. This plan is described in a paper by

Carey and Ruggiero (1985).

Meanwhil e, regional direction was refined and nade
more specific, and issued as mininmm nanagenent
requirenents for establishing viable popul ations
of spotted ows in the Forest planning process.
This direction was used to establish the |atest
confirmed and verified SOMAs and core areas in
the Forest Plan data base during the planning
"pause" which followed the Ninth Crcuit Court of
Appeal ' s deci sion regarding eval uation of RARE I
areas.

Existing Situation, 1984

A sunmary of the AQynpic's data on spotted ow
habitat use as of early 1984, included a total of
209 ow responses or sightings at 48 locations.
Locations were considered "separate" if they were
2 to 3 mles fromany other location. O these

| ocations, 17 had been confirmed as SOVAs and 12
core areas were verified. Breeding pairs or

fl edglings had been observed in three of these
SOMAS. Field work involved 2,627 hours, which
was estimated to be one-third to one-half of the
total expended on inplementation of the SOW.

By including all 48 known |ocations and all poten-

tial suitable habitat on one map, it was apparent
that there were still some weak links in the geo-
graphical distribution of spotted ow s and habitats

on the Aynpic's east and south sides. These were
due primarily to previous fire history on the east
side and intensive and extensive tinber harvest on
the south side. | had repeatedly expressed con-
cern to the Regional Ofice biologists that the
probability existed that spotted ows on the Qym
pi c Peninsula were genetically isolated fromthose
occuring in the Cascade Range, and that this iso-
lation may have begun in the very early 1900's
when the | ow ands in the Puget Trough were |ogged
off within a 30- to 40-year period. An analysis
of the risk involved in managing 17 habitats for

18

spotted owls in the_Qlynpic following the proce-
dures of Salwasser =/ indicated that this popul a-
tion, viewed in isolation, could becone 50 per-

cent inbred in only a few generations.

Recogni zing that the Peninsula subpopul ation of &
spotted ow s included those on adjacent |ands,

the Aynpic National Park was queried for any
spotted ow use data and an estimate of the amount
and |ocation of potentially suitable habitat.

Park personnel had very linmted data and declined
to make an estimate of habitat. | polled seven
Forest Service and State biologists for an esti-
mate of either spotted ow density or suitable
habitat in the Park; estimates ranged from42 to
109 pair. Risk analysis was again perforned
(including potential Park ows), which indicated
long-term evolutionary fitness was unlikely for
an isolated O ynpic Peninsula subpopul ation. De-
partment of Gane had data on three owl areas on
adj acent Departnent of Natural Resources |ands,
but to date there has been no State agreenent to
manage spotted ow habitat.

Direction fromthe Regional Ofice was received
in April and included recognition of the probable
i solation of spotted ows on the O ynpic Penin-
sula. It was suggested that, in the absence of
protection for habitats linking the Oynpic Penin-
sul a and the Cascade Range, the O ynpic subpopul a-
tion might be periodically enhanced through trans-
plants in cooperation with Department of Gane.

O her direction stated that the nunber of SOVAs
to be managed, at a mnimum would be determ ned
by an appropriate distribution of habitats rather
than by a nunber of ow pairs calculated to pro-
vide genetic viability.

i

The new distribution requiremeuts were napped and
SOWVAs | ocated such that any one SOVA was distrib-
uted within dispersal distance of at |east three
others, and so that no large area was void of
habitat. The Qynpic, being too narrow to accom
nmodate this distribution, and having all but one
SOVA distributed at 6 niles because of the
single-pair situation, added potential Park habi-
tats to the 28 or 30 needed for distribution on
National Forest lands. These Park habitats were
added where necessary to tie Oynpic | ands, frag-
nmented by other |andowners or unsuitable habitats
into one continuous distribution. Suitable Park
| ands were taken froma map generated by renote
sensing data, which included age and el evati onal
criteria; none of these habitats have yet been
exam ned on the ground or inventoried for ows.

During the 1984 field season, funds were re-
quested to census the prey base in the stagnated
timber stands within verified SOMAs.  During
monitoring, spotted ows were located in all 11
SOVAs eval uated, thereby validating procedures
used to inventory and confirm these areas. OaMs

%/ Contribution to Forest Service Handbook, FSH, x
2609. 14, draft Novenber 25, 1983, Chapter 5.7,

Vi abl e Popul ati on Risk Analysis, 34 p., by

H Sal wasser.
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appeared to be spending as nmuch tine outside de-
signated SOMAs as within, however, and some ow s
could not be located in the SOMA until |ate August
after the breeding season. This prelininary in-
formation indicates the state of our inperfect
knowl edge of spotted ow habitats and habitat use.

TIPS FOR NEW PROGRAMS

There are a few hints | can provide to those con-
tenplating the start of a program to manage
spotted owl's, or perhaps any species about which
relatively little is understood:

1. Count on a long-term project.
try to secure funding and personnel for
ment of several years.

2. Concentrate surveys early in the breeding
season. Spotted ow's appear nost territorial
(responsive) before their young have fledged.

3. Don't waste your time. Visiting "perfect"”
habitat nore than three to five times in a season
appears to be nonproductive, though it should be
visited in consecutive seasons and during the

wi nter before being abandoned.

4. Recognize that suitable habitat is that which
is occupied by spotted ows, not that which neets
a standardized definition. Establishing habitat
managenment areas in a generalized distribution
pattern, then checking them for use causes con-
stant readjustnent and wastes time. General sur-
vey should be followed by habitat analysis, then
future surveys refined to reflect such data.

5. A crew on contract is easier to standardize
and supervise. | found that, in the Qynpic, the
*contract crew had a response rate per unit time
spent of one response per 5 hours of survey; crews
of various changing Forest Service personnel

achi eved one response per 9 hours of survey; and
a conbination of in-house personnel plus one-third
vol unteers produced one response per 21 hours of
survey.

6. Lack of ow response does not necessarily in-
dicate that ows aren't there. Responsiveness
appears linked to the technique of the caller,

Identify and
a commt-

weat her, tine of day and year, individual differ-
ences, nunber of times previously called, phase
of the noon, and whether or not it's Thursday.

7. \Wen managing a species at |ow popul ation

levels, where viability is a concern, supply the
best habitat available. Mrginal habitat my be
only periodically occupied or may not be able to

support a breeding pair plus young.

8. Avoid conflicting resource uses, such as tim
ber harvest, within SOWs even though nore than
sufficient habitat is available. Ongoing nonitor-
ing will continue to refine spotted ow habitat
use, and at |ow popul ation levels, use should de-
fine habitat.

FUTURE NEEDS

The QA ynpic has defined its needs for nore infor-
mation through participation in the cooperative
SOMA nonitoring study (Carey and Ruggiero 1985).
Additionally, information is being gathered on
specific habitat use by adult ow's in stagnated
tinber stands to define the SOVA paraneters for
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these anomalous situations. It would also be
prudent to examine the suitability of Park |ands
and conduct a survey of spotted ows in habitats
that were selected to geographically ensure a
continuous distribution throughout the ows'
range. Managi ng ow s near nini num popul ati on
levels allows little margin for error; assunp-
tions regarding suitability and occupancy of
several habitats inposes a very high risk.

Several years of observation and prelininary noni-
toring data indicate a need for nore specific in-
formation regarding differences in "winter range"
vs. "summer range" use by ow's, differences in
male vs. female use of the home range during non-
breeding years, hone range size of fragmented
SOMAS vs. contiguous ones, reproductive strategy,
and fledgling survival. These require research
efforts beyond the scope of an individual Forest
to purse.

Finally, there is a continuing and future need
for flexibility in managenent direction. Direc-
tion and guidelines need to be nore inmediately
responsive to new or site-specific data in order
for habitat to be managed to maintain pairs of
spotted ows. Presently, habitats are assigned
to ows and they nust fit within those or perish.
Wth continuing nonitoring and refinement of data
on habitat use and spotted ow biol ogy, the oppor-
tunity exists to manage habitats selected by the
ow s.

SUMVARY

Information on spotted ow distribution, density,
biol ogy, and habitat use has been collected in
the State of Washington for only a few years. Im
perfect know edge coupled with the comitnent to
maintain viable populations of this species, con-
sidered threatened in the State, caused the Re-
gional Forester to adopt habitat managenent guide-
lines and issue direction for inplenmentation of
the SOMP. This direction has been revised or re-
fined nearly annually since 1977, but throughout,
has been highly specific and based on research
conducted, largely, in the forests of western

O egon.

I mpl enent ati on of managenment guidelines and direc-
tion was acconplished through the coordinated, in-
teractive efforts of personnel from many resource
disciplines at both the Supervisor's and Ranger
District offices. Though significant progress
has been nmade in identifying the distribution,
abundance, and habitats of spotted ows in the

A ynpic, inplenentation of the SOW was made com
plex due to the peculiar geography of the Penin-
sula, the vagaries of spotted ow behavior, and
other resource conflicts.

The Qynpic is comitted to nore conplete,
site-specific know edge of spotted ow habitat
use and continues to gather data through nonitor-
ing and adnministrative studies. The expectation
is that managenent direction in the future wll
be flexible and responsible to new information,
for after all,




The ultimate result nust be that we Carey, Andrew B; Ruggiero, Leonard F. Spotted

maintain viable populations of spotted ow nanagerment: rmeeting NFMA requirenents
ow's, over time, such that we prevent through monitoring. In: Qutiérrez, Ralph J.;
the need for Federal listing. Carey, Andrew B., tech. eds. Ecology and nmanage-
nment of the spotted owl in the Pacific North-
R E Worthington west. CGen. Tech. Rep. PNW185. Portland, OR
Regi onal Forester U S. Departnent of Agriculture, Forest Service,
Cctober 28, 1980 Pacific Northwest Forest and Range Experinent

Station; 1985. 34-38.
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Allen, Harriet; Brewer, Larry W A review of
current northern spotted ow (Strix occidentalis
caurina) research in Wshington State. In:
Qutiérrez, Ralph J.; Carey, Andrew B., tech.
eds. Ecology and nmanagenent of the spotted ow
in the Pacific Northwest. Gen. Tech. Rep. PNW
185. Portland, OR U S. Departnent of Agricul-
ture," Forest Service, Pacific Northwest Forest
and Range Experinent Station; 1985; 55-57.
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MANAGEMENT OF SPOTTED OWLS BY THE CALIFORNIA DEPARTMENT OF FISH AND GAME

Gordon 1. Gould, Jr.

ABSTRACT:

The California Department of Fish and Game must maintain popula-

tions of spotted owls for the intrinsic and ecological values of the owls.
The Department performs this job through a coordinated effort with land
management agencies to protect the old-growth and mature forest habitat re-

quired by the owl.

and jeopardizes the species' existence. ] :
ment planning are discussed and research needed to improve management is

identified.

INTRODUCTION

The California Department of Fish and Game
(CDF&G) is charged with the conservation of all
wildlife within the State, including species that
are not harvested (Section 1801, Fish and Game
Code). This specific legislative mandate calls
for maintaining all species of wildlife and their
habitat (1) for the use and enjoyment by all
citizens of the state; (2) for the intrinsic and
ecological values that all species have; and (3)
for aesthetic, educational and other nonconsump-
tive uses. Management for species that are not
used consumptively (15 species of owls and 622
species of other birds and mammals) centers
around habitat preservation.

In 1970, the California legislature passed the
Endangered Species Act, recognizing that destruc-
tion of wildlife habitat. reduction in the
amounts of certain types of habitat, and severe
modification of many natural environments were
endangerin(]; many species, or subspecies, of
native wildlife.

GORDON I. GOULD, JR., is a Nongame Wildlife
Biologist for the California Department of Fish
and Game, Sacramento.
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Commercial logging dramatically reduces this habitat

Problems in current land manage-

Subsequently, CDF&G's management activities in-
cluded monitoring populations, determining habi-
tat requirements, preserving particular habitats,
and assessing other land management agencies in
their management of land and other resources to
preserve habitat and to maintain or restore popu-
lation levels of particular wildlife species.

In the process of surveying for the needs of
endangered species, the spotted owl (Strix
occidentalis) was identified as a species whose
numbers were declining, possibly to the point of
extirpation (Remsen 1978). The major reason for
the decline was a reduction in old-growth and
mature forest, the habitat the owls require. The
purpose of this paper is to report on the status
of the spotted owl in California and to discuss
the ways in which the CDF&G is attempting to
maintain this species and its habitat.

CDF&G; ACTIVITIES

The first activity the CDF&G participated in was
a State-wide survey to determine the distribution
and habitat requirements of spotted owls (Gould
1974). Present activities include: continuously
monitoring populations of spotted owls to deter-
mine how constant the occupancy of territories




is, what the distribution of territories is
across the State, and regional trends in popu-
lations; working with other government agencies
to coordinate research on spotted owls, which
includes the habitat requirements and the effects
of land management on populations; compiling the
results of research on owls and serving as a

central source of information on the owl's

status, biology, and management; assisting
Federal, State, and private land managers in
developing plans and guidelines that will pre-
serve the habitat of spotted owls (Gould 1983);
and reviewing plans for selling timber and timber
harvests to ensure that the needs of spotted owls
are considered.

CURRENT STATUS OF SPOTTED OWLS

'he Department has classified the spotted owl as
a "bird species of special concern." This desig-
nation carries no special legal status but only
designates a species as one whose population has
declined severely or is otherwise so low that
extirpation is a real possibility.

Currently three geographically distinct popula-~
tions that belong to two described subspecies are
recognized (Grinnell and Miller 1944). The
northern spotted owl (S. 9. caurina) occurs from
Marin County north along coastal California to
the Oregon border and east to northeastern Shasta
County. The California spotted owl (3. o.
occidentalis) is found the length of the Sierra
Nevada from southeastern Shasta County to
northeastern Kern County; a second population
occurs along California's south coast from
Monterey County to San Diego County. The status
of each population seems equally critical, al-
though the nature of current threats vary.

Within this distribution there are 1,317 sites
classified as territories (table 1) where (1) a
pair has been observed; (2) young have been ob-
served between May and September; or (3) a vocal
defense of an area has been heard or solicited.
However, this number doesn't represent the number
of currently active sites as some sites have been
abandoned and others may be yet undiscovered.

It's difficult to compare current densities of
spotted owls with past densities. The lack of
information on the distribution and density prior
to 1973 can best be demonstrated by the StateT
wide estimate, made in 1971, of 30 pairs.
Therefore, I can only speculate about historical
densities. Spotted owls have been reported from
549 different townships throughout California.
Only one territory has been recorded for most
townships. However, 6 to 11 territories have
been recorded for 37 townships. Twenty-six of
these townships are in north coast counties, 10
are in central Sierra Nevada counties, and only 2
are in south coast counties. Most of these areas
are not pristine; I have personal knowledge of
logging occurring in at least half of these town-
ships, and logging probably has occurred in many
of the others.
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"Table 1--Known distribution of spotted owl

territories in California, June 1, 1984

Present Nos. for Nos. for California
County number northern
known spotted Sierra South
_owWls
Mpine 3 3
Amador B ) 6
Butte 19 19
Calaveras 11 11
Colusa 2 2
Del Norte p 11
El Dorado 75 75
Fresno 23 23
Glenn 12 12
Humboldt 17 117
Kern 13 10 3
Lake 18 18
Lassen 11 ' 11
Los Angeles 13 13
Madera 24 24
Marin 18 18
Mariposa 29 29
Mendocino 38 38
Modoe 1 1
Mono 1 1
Monterey 9 9
Napa 4 4
Nevada 12 12
Orange 2 2
Placer 40 Lo
Plumas 83 83
Riverside I 4
San 28 28
Bernardino
San Diego 21 21
San Luis 8 8
Obispo
Santa 17 17
Barbara
Shasta 36 22 14
Sierra 27 27
Siskiyou 250 250
Sonoma 5 5
Tehama 58 46 12
Trinity 146 146 ‘
Tulare 35 35
Tuclumne 43 43
Ventura 6 6
Yuba 8 8
Totals 1317 720 486 111

One could infer that densities of five territo-
ries of spotted owls per township probably were
not uncommon historically. Using a conservative
historical density of 3.5, or 32 percent of the
currently known maximum density, provides an
estimate of the spotted owl population that exis-
ted in pristine times at almost 2,100 territo-
ries. This assumes that current distribution and
historical distribution are the same and that
historical density was 1.6 times current density.

' Personal communication, Ned Johnson, University
of California, Berkeley.
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There is good evidence that historical distribu-
tion was more extensive than the current distri-
bution. Spotted owls are no Ior%ger present at at
least 30 of approximately 125 historical sites
%Gould 1974). This implies that the minimum

istorical range of spotted owls included at
least 105 more territories than calculated above.

Population trends can be implied both from trends
in the density of owls and from trends in the
numbers of territories over a period of time.
The trend of a reduction of density and range
that was calculated above shows a reduction of at
least 50 percent. Other evidence of a decrease
in spotted owls was gathered in a survey in 1974;
spotted owls were present at only 73 percent of
the previously reported occupied sites (Gould
1974). Because the time between the first
sighting and the most recent sighting varied, it
was impossible to determine the rate of loss.
However, over the last 10 years the Department
has monitored 1,317 territories; at the It's
visit, 58 of these sites were not occupied.
possible that spotted awls were present but not
detected or that the site was of marginal quality
to begin with and isn't consistently occupied. |
calculate that 1,259 of the 1,317 territories are
presently occupied--a reduction of 4.5 percent
over 10 years. This population size probably is
smaller because those territories with the high-
est disappearance rate are those where only one
report has been received for that territory and
that report was of a single individual. Of the
1,259 occupied territories, 407 of these are
single sightings of individual owls; pairs have
been verified at only 41.6 percent of the
territories.

As the number of territories increases the chance
of adding new territories decreases. The USDA
Forest Service has intensively surveyed 10 of the
17 National Forests in California; four other
forests have been lightly surveyed. Surveys have
covered from 50 to 85 percent of Forest Service
lands, with most areas about 75 percent surveyed.
Other lands were not as well surveyed; but these
lands probably don't provide habitat for many
spotted owils.

The California Region (Region 5) of the Forest
Service controls 19,680,327 acres of land (USDA
Forest Service 1979), much of it forested. Addi-
tional land is controlled by the Bureau of Land
Management, but much less is forested. Large
guantities of privately owned forest land exist
but were the first areas logged; suitable owl
habitat (old-growth and mature forest) is now
scarce. Forests also occur in some State and
Federal parks. On these lands, timber harvest
does not occur and old-growth and mature forest
habitat is usually the management objective.

More spotted owls are found on Forest Service
land than on that in any other ownership (table
2) (Gould 1979); this clearly demonstrates the
importance of Forest Service land to the preser-
vation of this species in California. Currently,
this land is being logged. It has been estimated
that all commercially suitable old-growth forest
habitat will be cut within 25 years. This
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logging will reduce owl habitat and spotted owl
populations; it is doubtful that viable popula-
tions of this species will be maintained unless
some accommodations are made. Similar logging is
occurring on BLM and privately owned timber lands
with few or no restraints to protect spotted
owls.

Table 2--Land ownership of spotted owl

territories in California, 1978
Percent territories

Ownership pecies Total

pattern Northern  California percent

Completely private 4.5 4.0 4.2

Private near 1.5 10.9 6.2
Federal land

Completely 40.6 44.6 42.6
Forest Service

Forest Service 31.2 26.2 28.7
with private
land nearby

Bur. of Land Mgmt. 5.4 1.0 3.2
with private
land nearby

Jointly owned by 2.5 4.5 3.5
Federal agencies

Ccmpletely National 3.0 5.9 4.5
Park Service

NPS with private 2.5 0 1.2
land nearby

Completley State 0.5 2.0 1.2
park land

State park land 6.4 1.0 3.7
with private
land nearby

Other 2.0 0 1.0

The preference of spotted owls for old-growth
habitat has been well documented (Forsman 1976,
1980; Forsman and others 1977; Gould 1974; Marcot
1978; Marcot and Gardetto 1980; Solis and
Gutie'rrez 1982).>  Old growth functions as the
thermal cover necessary for the owl's survival
(Barrows 1980, 1981; Barrows and Barrows 1978).
The general biology and seasonal habitat use of
the northern spotted owl has been described
(Forsman 1976,1980; Solis and Gutiérrez 1982).
Ongoing research is documenting the winter habi-
tat use of the northern spotted owls and the
dispersal of young.3 Also, year-round habitat
use, occupation patterns, and the dispersal of
young are being studied in a central Sierra
Nevada population of the California spotted owl.*

2" Unpublished Progress Report, 1981, “Habitat

use by radio-tagged northern spotted owls on the
Six Rivers National Forest,” by David M. Solis,
Jr., and Chuck Sisco, Six Rivers National Forest,
Eureka, CA.

% personal communication, Chuck Sisco and Ralph
Gutigrrez, Wildlife Department, Humboldt State
University, Arcata, CA.

* Personal communication, Stephen Laymon, School
of Natural Resources, University of California,
Berkeley.




COORDINATION IN LAND MANAGEMENT

The Department has collaborated with the USDA
Forest Service and the State Board of Forestry in
an effort to manage spotted owls. Both efforts
involved trying to establish land management
plans and regulations.

In 1983, under the California Forest Practices
Act, the Board of Forestry listed species that
must be considered in the planning of timber
sales on private land. This list contains the
species designated as “rare” or “endangered” by
California or designated as a species of special
concern by the Board. The Department made recom-
mendations to the Board for establishing the list
of species and the timber management activities
that should be required to protect these species.
The Department also acted in an advisory capacity
to the Board in their deliberations. The Board
didn’t list the spotted owl as a species of
concern because of a lack of information, and
because of the large territory size and the
amount of potential timber that might be tied up
by any single spotted owl territory.

Collaboration with the Forest Service at the
field level has involved input and comment on
individual timber sale plans by Department biolo-
gists. These area biologists review proposed
sales and comment on the effects of the proposed
sale on wildlife resources and suggest mitigation
or alternatives to reduce the impact.

At the staff level, collaboration has involved
the exchange of survey and research data, estab-
lishment of guidelines for spotted owl manage-
ment, and the review of individual forest plans
to determine if these plans comply with the
uidelines. To date, 36 surveys have been per-
ormed by individual forests or ranger districts.
These surveys have provided more records of
spotted owls than has any other survey effort.

In 1981, the Department assisted the Pacific
Northwest Region (Region 6, Portland) of the
Forest Service by participating in a workshop
assessing regional spotted owl management guide-
lines. Similar assistance was given to the Paci-
fic Southwest Region (Region 5, San Francisco).

The Department has a representative on the Forest
Service's regional review team (Region 51 that
evaluates the land management plan for each
forest. Both Department staff and area biolo-
gists review and comment on the wildlife portion
of each forest plan. Spotted owls are a major
C(I)ncern in the Department’'s review of these
plans.

IMPROVEMENTS NEEDED IN COLLABORATIVE EFFORTS

The Department is a single purpose agency and
precise agreement with other agencies and private
groups on land management decisions is not always
possible. This is especially true when dealing
with agencies that are either single purpose or
have a very dominant purpose that is not compat-
ible with the complete maintenance of the wild-
life resource.
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Because of conflicts in resource use, conproni ses
Often must be made. With compromises wildlife
always loses something. In the case of the
spotted owl , compromise results in a decrease in
available habitat and in putting the species in
an ever more precarious position. Under such
circumstances it is difficult to achieve the
State’'s objectives of maintaining intrinsic and
ecological values, providing use and enjoyment to
the citizens of California, and maintaining aes-
thetic, educational, and nonappropriative uses.
There must be limits to compromise once the
resource no longer adequately provides these
attributes.

There are several problems concerning spotted
owls that result when land management agency
objectives don’'t fully coincide with wildlife
resource objectives:

1.  The State Board of Forestry didn't designate
the spotted owl as a species of concern. As a
result it lacks the protection that it and many
other old-growth forest species need on private
lands. Spotted owls are among the best indica-
tors of old-growth forest quality still found in
the state’'s forests.

2. Although the Forest Service considers spotted
owls in their land management planning effort,
the plans, their guidelines and the manner in
which they are being implemented may not offer
adequate protection to maintain viable popula-
tions throughout California. More specifically:

a. The planning process is biased towards the
timber resource so that the preservation of
other resources is jeopardized regardless of
what alternative is chosen (CHEC 1984).°

b. The plans are supposed to maintain a
viable population of spotted owls but much of
the information needed to determine what con-
stitutes a viable population hasn’'t been
gathered.

c. There is no level of viability (probabili-
ty of species survival) set in the planning
process. Since a viab_e population level is
not fixed through time,” the level of viabili-
ty set in the management plans must accommo-
date the worst possible situation; the plans
don't make this accommodation.

d. An inordinate delay is occurring between
the establishment of guidelines, the develop-
ment of plans, and the implementation. Be-
cause the harvest of old-growth forests is

> Correspondence, H. E. Hodgdon, The Wildlife
Society, letter of 4/9/84 to T. E. Hamilton,
Director, RPA, U.S.D.A. Forest Service, Bethesda,
MD, 5 p.

6 Unpublished Administration Report, 1983,
"Wildlife population viability--a question of
risk,” by Hal Salwasser and Stephen P. Mealey,
USDA Forest Service, Pacific Southwest Region,
San Francisco, CA.
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continuing, it is likely that the plans will
not be able to be implemented as written and
Planning guidelines will not be met.

3. The Bureau of Land Management, National Park
Service, California State Board of Forestry,
California Department of Parks and Recreation,
and California Department of Forestry do not have
any State-wide, long-term planning efforts that
consider spotted owls.

The Department also needs to develop a plan for
preserving old-growth and mature forest ecosys-
tems. It has already done this type of planning
for coastal wetlands. A plan for old growth
forests should include an inventory of the re-
maining old growth, a list of species that must
be accommodated in forest preservation, a de-
scription of the current and the desired status
of the forest wildlife in California, and proce-
dures for working with land management agencies
to carry out the plan. To be effective, the plan
must be implemented promptly because all the
commercially available old-growth forest may be
harvested within 25 years, and the sales for
those harvests are likely to be planned within
the next 10 years.

INFORMATION NEEDS

It’'s obvious that the multiple use of forests
can't stop for spotted owls. But, the Department
must demand, and other land management agencies
must provide for, the preservation of all species
throughout their ranges at ecologically sound
population levels.

A species can% be preserved throughout its range
without adequate surveys to delimit the range and
to show patterns of abundance within the range.
Surveys of habitat facilitate the population
surveys, provide information on the potential
range of the species, and the future potential
area available for the species. Survey work
isn't complete in the species’ believed range in
California. However, in many areas, particularly
in a few National Forests, it is nearly complete.

The most important information that's needed
concerns the population dynamics of spotted owls.
Data is needed to prepare a life table for a
viable population of owls; specifically needed
are age-specific reproductive rates, age at first
breeding, mortality causes, and age-specific
mortality rates. This information could be used
to model the normal functioning of spotted owl
populations and to predict the population’s abil-
ity to reproduce itself and sustain the popula-
tion. What is required to sustain the population
could be compared to what occurs under different
regimes of habitat disturbance and distribution
patterns. The future course of any subpopulation
could be estimated and changes in population size
and distribution could be predicted. Only then
can land management plans be made that would
provide a solid basis for maintaining viable
populations.
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Finally, the pattern of site occupancy must be
studied to understand and determine the causes
and rates of local extinctions and recoloniza-
tions. An extensive monitoring system would have
to be established throughout the species’ range
to collect this information.
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STATUS OF SPOTTED OAL NMANAGEMENT IN OREGON AS PERCEI VED
BY OREGON DEPARTMENT OF FISH AND WLDLI FE

Richard D. Carleson and Wlliam |. Haight

ABSTRACT:

The Oregon Departnment of Fish and Wldlife has a legal nmandate to

prevent serious depletion of wildlife species indigenous to Oregon. Because
the population of spotted-ows appeared to be threatened by tinber

harvesti ng,
wildife comittee.

The comittee,

the Department took the lead in organizing an interagency
conposed of representatives of land and

wildlife managenent agencies, devel oped a Spotted OM Managenent Plan. The
plan calls for maintaining a mnimm of 400 pairs of spotted ows in Oegon;

the present population is |,000 1,200 pairs.
coordi nation anong the |and nanagenent
And nmany questions,

acconplish this plan.
popul ation, need to be answered.

| NTRODUCTI ON

W estimate the present popul ation of spotted
ows (Strix occidentalis) in Oegon to be

I, 000-1,200 pairs based on recent research by
Forsman and others (1984). The Spotted Ow
Managenent Plan reconmended by the Oregon-
Washington Interagency Wldlife Comrittee calls
for maintaining 400 pairs in Oregon. Conparing
the two nunbers, it appears that the present
popul ation is high enough to maintain a viable
popul ation of spotted ows throughout nost of
their range in Oegon if sufficient habitat can
be retained.

Rl CHARD D. CARLESON and WLLIAM . HAIGHT are
wildlife biologists, Oregon Departnment of Fish
and Wldlife, Portland, Oeg.

But cooperation and

agencies nust be increased to
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such as what constitutes a viable

SPOTTED OALS ON BLM AND PRI VATE LAND

Al'though the present statewide population is
around |,000-1,200 pairs, there probably is not
sufficient habitat to support that nunber, even
in the short term Tinber harvest patterns have
incrementally nibbled away at what were once vast
acreages of old growh, creating a high
interspersion of clearcutting with old growth in
some ownerships, particularly the checkerboards
of private and Bureau of Land Managenent (BLM
lands in western Oregon. There the renaining
old growth is highly fragnented with few

|, 000 acre blocks of good spotted ow habitat.
The gross acreage of old growh remaining in
western Oregon is high enough to give the

m staken inpression that there is plenty of
habitat available. The fragnented habitat
appears to allow existing spotted owls to survive
in the short term it is unclear whether they
will be able to reproduce well enough to persist




indefinitely. For exanple, 16 Spotted Ow
Managenent Areas (SOVA) on the Coos Bay BLM
District were surveyed in 1984 and only eight

were occupied by spotted ows. Only one pair
produced offspring. Spotted ow habitat on
private land is, for the nmost part, already gone.

Mbst of the old-growth stands large enough to
contribute to a conprehensive spotted ow manage-
ment plan were already harvested or committed to
tinber harvest before the Spotted OM Managenent
Plan was witten.

The BLM lands in western Oregon offer better

prom se of maintaining spotted ow habitat than
on private lands. Al though sections of BLM |and
alternate with sections of private |ands, BLMIand
still contains spotted ows and old-growth forest.

Four out of five western Oregon BLMdistricts
(Coos Bay, Salem Eugene and Roseburg) conpleted
ten-year tinmber nanagenent plans in 1983.
Inventory data presented in the BLMinpact state-
nments showed the existing popul ation of spotted
ows to be 177 pairs: the tinber management plans
protect the habitat of 64 pairs for 10 years. The
protective standards, however, maintain only 300
acres of old-gromth forest per spotted ow pair.
According to the environmental statement, only 17
of the 64 SOMAs meet the nininmum standards of the
Spotted OM Managenent Plan (SOW) reconmmended by
the Oregon-Washington Interagency Wldlife
Committee. Because the BLM plans were regarded
by the Departnent to need better protection of
spotted ow's, the departnment and BLM signed a
cooperative agreenment to provide needed protection
for at least the first five years of the plans.
The cooperative agreenment is described later in
this paper.

SPOTTED OALS ON FOREST SERVI CE LANDS

The spotted ow s on the National Forests have
more potential for survival. The forests haven't
been as extensively harvested as BLM I ands, so

bi gger bl ocks of old-growth habitat remain. A
desirabl e distribution of SOVAs may be difficult
to obtain, because the Forest Service ownership
is not continuous fromborder to border (north
and south) in the Coast Range. The planning
process for the Forest Service is only partly
conpl eted, but there seens to be acceptance of
the need to protect the habitat for oW pairs in
cl ose conpliance with Oregon's Spotted OM Manage-
ment Plan. The Forest Service was allocated 290
pairs out of the 400 pairs recomended as ni ni num
to maintain a viable population in Oregon
throughout their range.

CDFW And The Spotted Ow

The overriding statenent directing the O egon
Departnent of Fish and Wldlife (OCDFW is in the
Wldlife Policy (Oregon Revised Statutes 496.012)
adopted by the Oregon legislature in 1973. The
appropriate part of the law is as follows: "It

is the policy of the State of Oregon that Wldlife
shal | be managed to provide the optinmum
recreational and aesthetic benefits for
and future generations.

present
of the citizens of this
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state...maintain all species of wildlife at
optimum | evel s and prevent the serious depletion
of any indigenous species...". The law does not
define what the "optinim levels" are, nor does it
establish what constitutes "serious depletion".
The statutes authorize the Governor to appoint a
seven nenmber Cormmission to devel op and inplenent
policies and prograns of the State for the manage-
ment of wildlife and to pronulgate rules to carry
but the provisions of the wildlife laws. The
wildlife laws relate nostly to the nmanagenent and %
use of wildlife species. Traditionally, manage-

ment of the land and its value as habitat has been
at the discretion of the I|andowner. The end

result is that the Commission can, by rule,

regul ate the taking or nolestation of a species,

but has only linited authority to regul ate habitat
nmanagenent on the lands of others. The departnent
does seek habitat protection through | aws and

regul atory mechani sns of other agencies such as
Oregon Forest Practices Act and National Forest
Managenent Act. The Commission did pass an

adm ni strative rule prohibiting the taking of
sensitive wildlife, including State-listed
threatened and endangered wildlife, and all

nongame birds except sparrows and starlings. The
CDFWwas given authority to nanage nongane

wildlife by the 1971 legislature. Prior to that
time authority was linited to game mammal s and
ganefish. A chronol ogy of ODFW actions concerning
the spotted ow follows:

(]

May 1973.--John W MKean, Director, Oegon Gane
Conm ssi on, proposed that a professional task
force be formed and that its initial enphasis be
pl aced on the identification of habitat require-
ments for the northern spotted ow (S
occidentalis caurian).

7]
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The Oregon Endangered Species Task Force was
establ i shed and reconmended the adoption of
statewi de guidelines by June 30, 1974. Protection
of 300 acres around each known northern spotted
ow |ocation was recomended as an interim
protective measure pending the conpletion of a
managenent plan. At that time there was no
information on the extent of acres used for forage
by spotted owls. For this reason, the 300-acre
gui del i ne was adopted only as an interimneasure,
to be altered, if necessary when additional data
becane avail able.

Cct ober 1974. --The Sikes Act, Public Law 93-452,
becane | aw and provided for the protection for
fish and wildlife, "officially classified as
threatened or endangered pursuant to Section Four
of the Endangered Species Act of 1973 or
considered to be threatened, rare, or endangered
by the State agency."

January 1975.--The Oregon WIldlife Commission
adopted a list of threatened and endangered

wildlife in Oregon. The northern spotted ow was 2
listed as a threatened species on the official

State list. Federal |and managers were expected

to provide protection for those species under the

Si kes Act. I~

In 1977 the Oregon Endangered Species Task Force
was reorgani zed into the O egon-Wshington Inter-
agency Wldlife Committee, a nultiagency group
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formed to coordinate the activities of wildlife
and |and management agencies. It appointed a
Spotted OM Subconmittee. At this time ODFWs
previous role as being solely responsible for
formulating a spotted ow nanagement plan becane
a shared responsibility with the other agencies.

The Spotted OmM Subcommittee conpleted a Spotted
OM Managenent Plan in late 1977. Through the
Wldlife Committee the plan was transmitted to
concerned agency adnministrators for review and
comment. The objective of the plan was “to
maintain a population of at |east 400 breeding
pairs of northern spotted ow s distributed
throughout the known range in Oregon". The
Bureau of Land Management accepted responsibility
for the protection of 90 pairs; the USDA Forest
Service, 290 pairs; and conbined, state |ands
(Departnent of Forestry, Oregon Department of
Fish and Wldlife, and Parks Division), county

|ands, Crater Lake National Park and private
| ands were to protect 20 pairs. Eash SOMA was to
be at least 1,200 acres in size and to include at

| east 300 acres of old-growth forest. The Forest
Service and BLM both agreed to inplenment the SOW
on an interim basis.

In 1981, after telenetry research on spotted ows
indicated that the SOW might not protect enough
old-growth habitat, the subconmittee revised the
SOWP to increase the old growth in each SOVA to
1,000 acres.

March 1981, --In March 1981, the Oregon-Washington
Interagency Wldlife 'Committee adopted the
Spotted OM Subcommittee's revision to the Oregon
SOWP. Robert M Stein, chairman of the
committee, forwarded the revised SOW to the
Regi onal Forester, Pacific Northwest Region, USDA
Forest Service; State Director, BLM and the
Oregon State Forester for use in forest |and

pl anning. Formal acknow edgenent of the
acceptability of these revisions was not
forthcomng from the Bureau of Land Managenent or
the Oregon Department of Forestry. The Forest
Service agreed to incorporate the revised
standard into its planning activities.

Septenber 1982, --Wen the first of five BLM
tinber managenent plans was proposed in Septenber
1982, the Oregon Fish and WIldlife Conm ssion
found the proposal to be in violation of Oregon's
Wldlife Policy, the Federal Sikes Act, and the
Oregon Coastal Managenent Plan. One of the
deficiencies in the plan was that only 300 acres
of old growth per SOVA were to bhe protected
instead of the 1,000 acres called for in the
Spotted OM Managenent Pl an.
Cctober 1983.--In the sumrer of 1983 all five BLM
Ti nber Management Plans were adopted by the
Bureau with the additional deficiency that the
number of spotted ow pairs to be protected was
less than called for in the SOWP.

After a series of negotiations involving several
agenci es and medi a exposure, an agreenent was
reached between the CODFW and BLM  The BLM agreed
to manage spotted ow habitat in accordance with
the best available scientific information for a
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period of 5 years and CDFW woul d not
I egal challenge to the tinmber managenent plans.
The agreement will provide sufficient habitat
protection in the interim but long-term
protection requires successful conpletion of
present research and reevaluation of the SOW and
ti mber management plans at the end of the five
year period. CDFW and the BLM are presently
evaluating inplenmentation of the agreement.

pursue a

"The distributional requirements of the spotted
owms are as inportant as habitat quality and
quantity, and we are in the process of
coordinating the disribution of SOVAs between the
USFS and BLM

There are no ongoing discussions with private

| andowners about maintaining spotted ow
habitat. Mst private hol dings have been
harvested, are too small to make a habitat unit,
or have not been inventoried for spotted ows.
Further, the bulk of the SOWAs (380 out of 400)
have been allocated to the nost extensive |and
managers (BLM and Forest Service); it seens
reasonable to first secure protection on those
|ands, and then try to fit the remaining 20 SOWAs
into the distribution provided by federal |ands.

State lands do hold some spotted ow habitat, but
popul ation inventories have not been made. State
|ands are managed by various State agencies each
having differing |legal mandates. The majority of
State lands are nmanaged for timber production by
the Oregon Department of Forestry.

Needed Col | aboration

Devel opment of the Spotted OM Managenent
provided a necessary tool for protection of
spotted ow habitat. It was intended to give
|and managers a recipe for protection that, if
inplemented, would maintain a mnimm viable
spotted ow -popul ation throughout its native
range in Oregon. The SOWP represents mninum
standards and the responsibility for success of
the plan depends on inplenentation of the plan by
each of the major |andowners. There needs to be
nmore coordination anong the agencies responsible
for inplementing the plan. The coordination is
difficult because the agencies have differing
schedul es for conpleting their land use plans.
The plans of one land manager will affect the
outcome of the plans of another agency. To make
certain that spotted ow habitat units are
distributed properly there must be continuous

di scussion among the agencies. Since the Spotted
OM Subcommittee has becone nore active, the

i nteragency coordination has inproved. It is
expected that continued coordination by nenbers
of the Spotted OM Subcommittee will provide
updated direction to the |and nanagement agencies

Pl an

The Spotted OM Managenment Plan is dynam ¢ and
needs to reflect new research findings. The
Subcommittee is expected to continuously evaluate
the SOW to see that it is state-of-the-art and
to monitor its inplenentation by land managers.




| NFORMATI ON' NEEDS

Many papers end with the statenent that nore
research is needed; this paper is no exception.
More answers are needed and are needed soon to
such questions as: Wat is needed to ensure the
continued existence of spotted ows? |s the
popul ation in Oregon isolated fromthe one in
Washi ngton? If so, is there a potential |ink
sonewhere in the Colunbia Gorge? Can ol d-growh
habi tat be successfully managed to provide tinber
and ol d-growt h-dependent wildlife? Can spotted
ow habitat be created? How nuch fragnentation
of old-growth habitat can be tolerated within a
SOVA? Does a fragmented SOVA need nore acreage
of old growth than an unfragnented SOV, and if
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so, how nuch? Sone of the SOMAs being sel ected
by land managers appear to be in marginal

habitat; can the paraneters of the SOW be
successfully applied to nmarginal habitat? The
questions could go on and on. Unfortunately it's

easier to find the questions than it is to find
the noney to fund the answers. =
LI TERATURE Cl TED
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Howard M Distribution and biol ogy of the
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MANAG NG NORTHERN SPOTTED OALS | N WASHI NGTON.
THE POSITION OF THE WASH NGTON DEPARTMENT OF GAME

Tom Juel son

ABSTRACT :
Washi ngt on Depart ment

The northern spotted ow
of Cane.

The Depart ment
Peni nsul a spotted ow population to be isolated from all

is classified as threatened by the

considers the Oynpic
others and

consi ders the Washington Cascade Range population to be genetically isolated

from Oregon spotted ow s by the Col unbia River.
are to protect
and perpetuate wild animals in the best
The responsibility of

responsibilities of the Departnent
habitat, and to preserve, protect,
interest of
to spotted ows is inplicit
invol ved in independent
regarding the spotted ow.

the people of Washington.
under these guidelines.

research as well
Furt her

The princi pal
and inprove wildlife

the Department
The Departnent is
as interagency cooperative research

col l aboration among agencies is needed,

particularly in managing the Oynpic Peninsula spotted ow popul ation.

There are additional
shoul d be addressed.

STATUS OF THB SPOTTED OW

The Washington Department of Game has classified
the northern spotted ow as a threatened species
in Washington. The State's definition of

"threatened" is the same as that of the U S Fish

and Wldlife Service. This spotted ow classifi-
cation is currently under review for a possible
change to "endangered". The final decision on the

status is pending conpletion of research in

Washi ngt on.

TOM JURLSON is the nongame program nanager,
Washington Department of Gane, O ynpia,

Washi ngt on.
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research needs in reference to the spotted ow which

Departnent biologists currently perceive the
spotted ow population in Washington as divided
into two gene pools. One exists on the Oynpic
Peninsula. These spotted ows are isolated from
genetic interaction with others because of large
expanses of water and nonforested areas. The
habitat there is severely fragmented for the nost
part and in short supply. It nay be too late to
provide enough habitat on the Peninsula to
support a viable population, and it is highly
unlikely that a forested corridor will be
established linking the Peninsula with the
Cascade Range in \shington. Sone biol ogists
consider the long-term existence of this segment
of the spotted ow population to be endangered by
any criteria.




The second spotted ow gene pool in Washington is
in the Cascade Range. This range includes the
wet -type forests of western Washington and the
dry-type coniferous forests of the eastern slopes
of the Cascades.

The Departnent believes the Washington Cascades
spotted ow population may be genetically
separated from the Oregon population by the

Col unbia River and by adjacent |land use in the
river valley. The Washington Cascades population
is continuous with the British Col unbia spotted
ow popul ation; however, current information
indicates that the British Colunbia segment of
the population is probably very small. &
Managenent consi derations for the Washington
Cascades spotted ow population, along with
members of that population in British Colunbia,
shoul d be based on a viable popul ation |evel
separately derived for the geographic area north
and west of the Columbia River. Departnent

bi ol ogi sts do not believe a satisfactory viable
popul ation level has been determ ned.

DEPARTMENT OF GAME PQLI CY

The policy manual of the Washingtn Department of
Gane provides a "statement of purpose" for each
adnministrative division within the agency. Two
of these divisions share the principal
responsibilities with regard to the northern
spotted owl: the Habitat Managenment Division and
the Wldlife Minagement Division. The goal of
the Habitat Managerment Division is "to protect
and inprove land and water habitats to assure
optimal nunbers, diversity, and distribution of
wildlife for the welfare of people of Washington
State." The goal of the WIldlife Managenent
Division is "to preserve, protect, and perpetuate
wild animals and to provide optimumwildlife
oriented recreation for citizens of Washington

through managenent, surveys, and research of
birds, mammals, reptiles, and anphibians and
their habitat." The spotted ow is a native

speci es of Washinton and the responsibility of
the Departnent toward managenent of this species
is inplicit in these two statenents.

COLLABORATI VE  EFFORTS

The Departnent initiated i ndependent research on
spotted ow ecology in 1981 (Allen and Brewer
1985) which has stimulated a nunmber of
cooperative efforts between state and federal
agenci es and interactions between state and
private industry in Wshington. The Departnent
is cooperating with three National Forests in
Washington in an adm nistrative study of the

ef fectiveness of spotted ow nanagenent areas
(Carey and Ruggi ero 1985). USDA Forest Service,
Burlington Northern Railroad, Wyerhaeuser

Y/ Personal communication, D. Dunbar and D.
W/lson, B.C. Fish and WIdlife Managenent,
Parlianent Bldg., Victoria V8V 1X5.
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Company, and USDI National Park Service personnel
cooperated with the Departnent in conpleting a
statew de spotted ow survey. Departnent

biologists are interacting with USDA Forest

Service district biologists on many aspects of
spotted owl information sharing (for exanple, <
| ocation information, home range data, and
habitat data). Departnent personnel are
negotiating with the Washi ngton Department of

Nat ural Resources regarding Natural Resources
policy on spotted ow managenent. Department
research biol ogists are cooperating with wildlife
managenent biol ogi sts fromBritish Colunbia in
setting up spotted ow censuses in British
Colunbia that are targeted for spring 1985. The
Departnent is conducting radio-telenetry
nonitoring of spotted ow s on two ranger
districts for the USDA Forest Service.
is funded by tinber sale revenues

(Knut son- Vandenberg Act funds).

This work

ADDI TI ONAL COLLABCORATI ON NEEDED

A general |y acceptable determ nation of a viable
popul ation level for spotted ows in the

Washi ngt on Cascade Range and in the British

Col unbi a popul ations should be nade through an
interagency approach. The U.S. Fish and Wldlife
Servi ce shoul d consider review ng the spotted ow
popul ation on the Aynpic Peninsula to see if it
shoul d be declared endangered. If it is,
cooperative efforts should be initiated to

devel op and carry out a maintenance program of
the current population level. The Oregon-

Washi ngton Interagency Wldlife Conmittee and its
Spotted OM Subconmmittee are devel opi ng neans for
i nteragency collaboration.

0

| NFORMATI ONAL NEEDS

To conplete the evaluation of the size and

di stribution of the Washington and British

Col unbi a spotted ow popul ations, we need good
data on the British Colunbia population. Cenetic
research to determne the extent of inbreeding in
current popul ations would further facilitate the
evaluation of species status.

The effects of habitat fragnentation and the size
and distribution of habitat blocks on popul ation

should be nore clearly defined, particularly with
regard to predation and interspecific conpetition.

An anal ysis of habitat use in dry-type coniferous
forests is needed to define the limts of spotted
oW range in eastern Washington. This is
particularly inmportant in deciding the |ocation
of Spotted OM Managerment Areas in dry-type
forests.

Addi tional information on the relationship

bewt een prey species and spotted ow habitat use
is needed to assess the nerits of alternative
forest practices (that is, selective harvest).
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SPOTTED ONMANAGEMENT:  MEETI NG NFMA REQUI REMENTS THROUGH MONI TORI NG

Andrew B. Carey and Leonard F. Ruggiero

ABSTRACT:

National Forests in Washington,

I'n 1983, biologists from USDA Forest Service research, three
and the Washington Departnent of Gane

col | aborated to design and inplenent an extensive program for nonitoring
the effectiveness of the managenent area system for spotted ow s-a

desi gnat ed managenent indicator species and key vul nerable species. The
programwi || evaluate the success of the management systemas well as

current standards and guidelines for

nmanagenent .

This kind of

col l aborative effort may be the only practical way to effectively nonitor
a species that is possibly in jeopardy fromthe reduction of its habitat.

| NTRODUCTI ON

The USDA Forest Service is charged with the
authority and responsibility for nmanaging the
National Forests. Acconpanying papers
(Beckstead 1985, Carrier 1985, Lee 1985,

Ruedi ger 1985) relate the procedures used and
the difficulties encountered in planning for and
maki ng deci si ons about northern spotted ow s
(Strix occidentalis caurina). What, then, are
the risks of making such decisions with
inconplete information? For the spotted ow,
wrong deci sions or unexpected results could
place in jeopardy the subspecies' existence,
lead to a change in its legal status (for

ANDREW B. CAREY is research coordinator and
LEONARD F. RUGGE ERO is program manager,
Ad-Gowh Forest Wldlife Habitat Program
Paci fic Northwest Forest and Range Experinent
Station, USDA Forest Service, Oynpia, WA
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exanple, it could be placed on the Federal
Endangered Species List), and incur stringent
constraints on future forest management. \Wrse,
the subspecies could be extirpated fromnuch of
its range. Both situations would be failures in
neeting managenent objectives as well as |egal
requirenents.

Wat can be done to reduce the risks associated
wi th maki ng deci si ons based on inconplete
information? Conservative decisions-those that
assume the worst case-can be made. Advice can
be obtained from persons nost know edgeabl e
about the species. Research can continue to
produce new information. Mst inportantly,
however, the effects of the decisions can be
nonitored to determne if the objectives and
expected results are being attained. The
purpose of this paper is to discuss nonitoring
and to describe a nonitoring programrecently
impl enented in the National Forests in

Washi ngton to determine how well the Spotted Ow
Managenent Area (SOMA) system is working.
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MONI TORI NG

Monitoring is an integral part of npdem manage-
ment systems. It provides information on the
quality and quantity of the products of manage-
ment and on the degree of attainment of goals
and objectives. Mnitoring provides an
evaluation of the reasonabl eness of objectives
and the efficacy and suitability of the processes
(managenment actions) used to achieve the
objectives. And nonitoring provides informtion
for future managenent.

The USDA Forest Service has adopted a goal -
oriented approach to its managenent of wildlife
and fish (Nelson and others 1983). Now the
National Forest System is devel oping nonitoring
systens that are in accordance with |egal
requiremnents and nanagenent needs. Carey (1983)
and Verner (1983) provide exanples of how
monitoring systems mght be devel oped and advice
on experinmental design and sanpling considera-
tions for monitoring. Legislative mandates for
monitoring the attainment of goals and objectives
of wildlife and fish managenment were reviewed by
Sal wasser and others (1983). The National
Environmental Policy Act of 1969 (NEPA), the
subsequent regulations fornulated by the Council

on Environmental Quality, and, l|ater, Executive
Orders provide the basis for mpst of the require-
ments for nonitoring by Federal agencies.

The regulations stemming from the National Forest
Managenent - Act (MacC eery 1982) provide the nost
explicit direction for monitoring by the National
Forest System The regulations require that
monitoring be "addressed" in both the regional
guide and forest plan. "On a sanple basis",
monitoring is to periodically determne and
evaluate the effects of management practices,
how cl osely managenent standards and guidelines
have been applied, and how well objectives have
been met. An inportant "nininum specific manage-
ment requirement” is to provide for adequate
habitat to maintain viable populations of
existing native vertebrate species and to ensure
that habitat for managenent indicator species is
mai ntained or inproved to the degree consistent
with the nultiple-use objectives established in
the forest plan. The population trends of
managenment indicator species must be nonitored
and relationships to habitat changes deternined.
Monitoring of populations is to be done in
cooperation with State fish and wildlife
agencies, to the extent practicable.

The Pacific Northwest Region (R-b-the National
Forests in Oegon and Washington) of the National
Forest System lists the northern spotted ow as
a managenent indicator species and as a "key

vul nerabl e species"--a species possibly in
jeopardy because of reductions in its limting
habi t at . l/_ Thus, nini num managenent require-

1[ Jeff M Sirmon. 1983. Regional guidelines
for incorporating mninum managenment requirenents

in forest planning. Witten directive to Forest
Supervisors, Region 6, National Forest System
on file at Pacific Northwest Region, P.O Box

3623, Portland, OR
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ments (including nonitoring) for managenent
indicator species and for mnimm viable
popul ations apply to the spotted ow .

SPOTTED OAL MANAGEMENT IN R-6

Detailed information on spotted ows in the
Pacific Northwest was first collected in the
1970's. The ow's association with old-growh
Dougl as-fir forests was docunented and declines
in populations were noted. In 1973 an inter-
agency conmttee of biologists from the USDA
Forest Service, USDI Bureau of Land Managenent,
USDI Fish and WIldlife Service, Oregon State
University, and the Oregon Departnent of Fish
and Wldlife drafted a managenment plan for
spotted ows. Later, biologists from the

Washi ngton Department of Game (WDG joined the
committee. R-6 accepted the recommendations of
the committee and subsequent revisions (Forsman
and others 1982).

In 1983, R-6 mininmm managenent
(see footnote 1) for each pair of spotted ows
in a Spotted OM Managenent Area (SOMA) were
1,000 acres of old-growth forest with 300
contiguous acres constituting a nest grove (core
area) and 700 acres within 1.5 niles of the
nest, in patches greater than 30 acres,
constituting a foraging area. If 1,000 acres of
ol d-growth were not available, the next ol dest
stands were to be substituted for the old growh.
Each SOMA was to enconpass the home ranges of at
| east three pairs of ows. Single-pair SOVAs
were acceptable only to inprove the geographic
distribution of SOVAs or where remmant habitat
existed. SOMAs of three or nore pairs were to
be less than 12 mles apart; the core areas of
mul tipair SOMAs were to be separated by I-3
mles. Single-pair SOWAs were to be less than 6
mles from other SOMAs (core center to core
center). The National Forests, with the Bureau
of Land Managenent, were to naintain SOMAs for
400 pairs of ows west of the Cascade Range
crest in Oegon; the National Forests in
Washington (west of the Cascade Range crest)
were to provide sufficient SOVMAs to maintain 108
pairs of ows.

requirenents

Proposed SOVAs were |ocated using ow
distribution nmaps and habitat descriptions, and
through coordination with other |and uses. The
distribution of spotted ows in the National
Forests was deternmined by eliciting vocal
responses from spotted ows by broadcasting tape
recordings of ow calls at night from roads and
trails in mature and old-growth forest (see
Forsman 1983 for procedures). A SOVA was
considered verified (established) when occupancy
was determned by repeated nocturnal surveys or
when immature ows were observed. In April 1984
the mninum managenent requirenments for the
spotted owl were expanded to reflect the nost
recent information on the biology of spotted
owms (see the paper by Lee in this synposiuny.

The procedures used to choose and verify SOVAs

had several weaknesses, especially when they
were applied in the National Forests in
Washington. First, mbst research on the spotted




ow's habitat requirenents had been done in
Oregon and was not specific to Washington.
Second, nocturnal surveys do not precisely
determine an ow's home range and nay be

m sl eadi ng because ow's often nove towards the
caller before responding. And third, few
nestling or fledgling ows were seen by National
Forest System biologists. For these three
reasons, an extensive nonitoring program for
spotted ows in National Forests in western
Washi ngt on was devel oped jointly in 1983 by
Forest Service and WDG bi ol ogi sts. Andrew Carey
and Len Ruggi ero represented Forest Service
research; Bill Ruediger, the Gfford Pinchot
National Forest (NF); Dick Dearsley, the Munt
Baker - Snoqual mi e NF; Maureen Beckstead and Kelly
Coon, the Aynpic NF;, and Harriet Alen and
Larry Brewer, the WG Earlier, Eric Forsman
(Oregon State University) and Rocky Gutiérrez
(Hunbol dt State University) had provided the
group with unpublished reports and technical
advice. Funds to inplenent the monitoring in
1984 were provided by R-6 and the WDG WDG
personnel are conducting the monitoring with
assi stance fromthe personnel at the National
Forests and under the guidance of the ad hoc
committee of biologists listed above. Total
costs for a 3-year programare estimated to be
$380, 000.

MONI TORI NG SOVAS | N WASHI NGTON
bj ectives

The ad hoc conmittee formulated 2 primary
obj ectives and 14 secondary objectives for the
moni t ori ng.

bjective |: Determne if the SOVA systemis
working.--1t is presently assumed by R-6 that
each SOVA will provide the necessary habitat to
mai ntain at |east one pair of spotted ows. At
least the following will be determ ned:

1. The proportion of SOVAs occupied by spotted
ow s.

2. The proportion of SOMAs occupi ed by one or
nore pairs (nale and fermale) of spotted
ow s.

3. The proportion of SOMAs occupi ed by breeding
pairs of spotted ows.

4, The average nunmber of spotted ows (and ow
pairs) per SOVA.

Chjective Il: Determne if current standards
and guidelines are appropriate.--At a mninum
two aspects of current standards will be
evaluated: size of SOMAs and characteristics of
SOMAS.  For evaluating size standards, the
following will be detern ned:

5. The proportion of the SOVA being used by
spotted ows.

6. The anmpunt of areas adjacent to the SOVA
being used by ow s.

7. The hone range of ow's using SOWAs.

8. The hone range of pairs of ows using SOWAs.
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For evaluating characteristics, the follow ng

will be determ ned:

9. The age of stands used by ows in the SOWAs.

10.  The proportion of tine spent in old growth
by the ows.

11.  The proportion of time spent
forests by the ows.

12.  The habitat characteristics (canopy |ayers,
di aneter at breast height, abundance of
snags, and others) of areas used by ows.

13.  The habitat characteristics of areas not

in young

used by ow's, but in or adjacent to the
SOVAS.

14.  The differences between used and unused
ar eas.

Study Areas

Popul ati on objectives were 49 pairs of spotted
ow s for the Munt Baker-Snoqual me NF, 42 pairs
for the Gfford-Pinchot NF, and 17 pairs for the
Aynpic NF. Each Forest biologist provided us
with a sequentially nunbered |ist of SOMAs equal
in nunber to that Forest's population objective.
We used a random nunbers table to select the
SOVAs to be evaluated: 19 SOVAs were chosen for
the Mount Baker- Snoqual nie NF, 17 for the

G fford-Pinchot NF, and 10 for the Oynpic NF.

A list of alternate SOVAs was al so selected for
each Forest in the event one or nore SOMAs had
to be elininated from the sanple.

Met hods

Det erm nati on of occupancy.--Forest Service
personnel have surveyed nost of the SOVAs for
spotted ows. Thus, for some SOVAs, the prinmary
center of activity or core area is known.
Because ow s range widely and may travel far to
respond to calls at night, the core areas and
actual occupants of nany other SOMAs are not

wel | documented. WDG nonitoring crews wll
determ ne occupancy each year for at least 3
years. Wen the core area is known, the crews
will visit the SOVA during the day to |locate the
resident ow's. Nocturnal surveys will be nade
throughout the other SOMAs. If no ows are
found it will be assuned that the SOWA is
unoccupi ed that year. If ows are observed,
then the center of activity will be |ocated and
visited during the day. Al surveys will be
done from March to August. Up to seven daytinme
visits will be made to each SOMA. If ows can't
be found on seven visits, the SOMA will be
classified as unoccupied for that year. If ows
are found, the nunber, age, and sex of the ows
and their roosting and nesting trees will be
noted. If only one ow is observed at a tineg,
it will be assumed that the SOVA was not
occupied by a pair. If a pair of ows is seen
or if young ows are seen, it will be assumed
that the SOVA was occupied by a pair of ows.
Cccupancy will be determined in each of 3 years.

Use and hone range.--Ten occupi ed SOVAs were
selected for evaluation. Resident ows were
trapped in early spring (1984) and fitted with
radio transmitters. Each ow is being nonitored
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through radiotelenetry at least 1 day per week
and |-3 nights per week throughout the year.
Areas used for foraging, roosting, and nesting
are being determined. Mvenents and use
(activity) will be plotted on aerial photographs
or orthophoto quadrangle maps. Altogether, the
proportion of SOVA used, habitats used, and home
range will be determined by season for |0-20
spotted ow s.

Description of habitat.--A standard sanpling
procedure devel oped by the Od-Gowh Forest
Wlidlife Habitat Program for analyzing wldlife
habitat will be used to describe used and unused
areas in, and adjacent to, the SOWAs, with use
determined by radiotelemetry. Both vegetation
and environmental structure will be described.

Results

SOVA effectiveness will be neasured by the
follow ng statistics: proportion of SOVAs

occupi ed, proportion occupied by pairs, and
number of ow's per SOMA.  Because the sanpling
(choi ce of stands) was random average
effectiveness will be calculated forestw de and
statewide. Effectiveness will be evaluated as
follows: if on the average (over 3 years) 41 of
the 46 SOMAs were occupied by pairs and over the
3 years every SOMA surveyed was occupied by a
pair in at least 1 year, it would be concluded
that the SOMA system was working very well. The
conclusion has an inplicit assunption that adult
ow s have a life expectancy of more than 3
years, during which at least two young would be
produced. But if 23 of the 46 SOVAs were
occupied by pairs with 15 of 46 never occupi ed,
then effectiveness would be [ow and adjustments
(such as replacing the 15 never used with new
SOVAs) woul d be i ndicat ed.

Habitat descriptions will be conpared to current
standards and guidelines to test their
appropriateness.  These results could be used to
assess, and, if necessary, adjust the kind and
amount of land managed for spotted ows. It may
be possible to contrast the areas used by single
ows with the areas used by pairs. Thus,
definitive information on the habitat required
to maintain a population could be provided.

Coor di nation

The results of the nonitoring program will be
augnented by research being done by the
Od-Gowh Forest Wldlife Habitat Program and
the WOG.  The dd-Gowh Program is collecting
detailed information on the prey of spotted
ow's, the structure and conposition of young,
mature, and old-growth forests, the reproductive
attainment of adult spotted ows, and the

di spersal of juvenile spotted ows. The WG has
been conducting a statewide inventory of spotted
ows, relating spotted ow distribution to |and
use patterns, and studying adult ow habitat use
and juvenile ow dispersal. By the third year
of the monitoring program substantial new
information. relating to spotted ow managenent
will be available.

CONCLUSI ON

Federal regulations call for nonitoring

popul ati ons of managenent indicator species.
Monitoring is a conplex and costly procedure.

In Washington, Forest Service research, three
National Forests, the Pacific Northwest Region
of the National Forest System and the Washington
Department of Game have collaborated in designing
and inplementing a program for monitoring the
attainment of the Forest Service's objectives in
managing for spotted ows and for evaluating the
standards and guidelines to manage habitat for
spotted ows. Such collaborative efforts have
much promise and may be the only way to
acconplish effective nonitoring of key sensitive
species. This nonitoring system nodel is a
prototype for all monitoring in the National
Forest System the level of investment, however,
must be matched to significance of the |and use
issue for other species. 2
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AN OVERVI EW OF RECENT RESEARCH
ON THE SPOTTED O

R J. CGutigrrez
ABSTRACT:  The recent literature on the northern spotted ow (Strix
occidentalis caurina) is reviewed and the salient features of the ow's
natural and life history are presented. The conclusion is that northern

spotted ows are dependent
Nor t hwest .

| NTRCDUCTI ON

The spotted oW (Strix occidentalis) occurs as
three recognized subspecies (S. o. caurina, S. o.
occidentalis, and S. 0. lucida) distributed from
southern British Colunbia south into Mexico
(American Ornithol ogists Union 1957). The
northern spotted oW (S. 0. caurina) is thought to
be closely associated with old-growh Douglas-fir
(Pseudot suga nenziesii (Mrb.) Franco) forests
throughout the Pacific Northwest (Forsman and
others 1977, 1984; Could 1974, Ginnell and MIler

-1944; Cutigrrez and others 1984; Solis 1983). The

inportance of these forests to both the tinber
industry and the spotted ow is the center of a
growi ng controversy over the disposition of old-
growth forests and the future of the ow
(Heinrichs 1983, 1984).

Spotted ow's appear to be declining with the
continued logging of old-growth forests (Forsman
and others 1977, 1982, 1984; CGould 1977, 1985;

U S. Department of the Interior, Fish and Wldlife
Service 1982). Mst of the remaining ol d-growh
areas occur in National Forests (Forsman and
others 1984; Gould 1979, 1985). The Nati onal
Forest Managenent Act of 1976 (U.S. Laws, Statutes,

R J. CQutiérrez is associate professor and chair-
man of the Wldlife Departnent, Hunboldt State
University, Arcata, Calif.
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upon ol d-growth conifer forests of the Pacific

etc. 1976), which requires maintenance of viable
popul ati ons of vertebrate species on all National
Forests, is being invoked as a reason for inten-

sive investigation and managerment of spotted ows
and other old-growth wildlife species (Carey 1984,
Carrier and others in press, Qutiérrez and others
1984, Ruggiero and Carey 1984).

In this paper, | will summarize the recent
research on northern spotted ows within the
context of natural history and life history
characteristics that are particularly inportant
for the nmanagenent of this species. Canpbell and
others (in press) have provided an extensive

bi bl i ography on the spotted ow. | will there-
fore not attenpt to incorporate obscure agency
reports unless they are particularly gernmane.

NATURAL H STCRY

General Comments

Prior to 1970, nost observations and research on
spotted ows had been anecdotal (Canpbell and
others in press), and the bird was thought to be
rare and secretive. Forsman (1976, 1980) was the
first to record extensive natural history observa-
tions of the spotted oW and to summarize usable
field study techniques (Forsman 1983). His work
was especially tinely with passage of the

National Forest Management Act of 1976. In the
following natural history review | wll first
present information on vocal and norphol ogi cal




characteristics that have been found useful in
spotted owl studies. Then | wll summarize salient
features of spotted ow habitat, home range and
movenents, and food habits.

Vocal i zati ons

Spotted ows are territorial and actively defend
their home range, particularly the nest grove
(Forsman 1976, 1980; Forsman and others 1984).
Thus, they can be located through imtation of
their calls. Males can be distinguished from
females by the male's |ower-pitched, four-note
hoot (see Forsman and others 1984 for a nore

conpl ete description of the ow's vocal reper-
toire).

Mlt and Sexual Characteristics

The molt of the spotted ow has been described by

Forsman (1981). O particular interest to
biologists is the fact that three age classes can
be di stinguished: juveniles can be identified by
the presence of downy plumage until about 3 nonths
postfledging; immture/subadult birds can be

di stinguished by the presence of pointed, white-
tipped mddle rectrices from their first autum of
[ife until mdsummer of their third year; and
adults have rectrices with rounded tips. Barrows
and others (1982) describe a nethod for determning
the sex of spotted ows by retrix barring pattern.
M Iler and Meslow (1985) have reported this nethod
to be accurate.

Femal es are, on the average, larger than nales
(Earhart and Johnson 1970); however, the overlap
in weights, between large males and snall femnales,
does not allow sexual determination. Simlarly,
juveniles are usually at or near adult weight soon

after they are able to fly (personal observation);
thus weight cannot be used as a criterion for
either age or sex determination. Tail-barring
pattern may be the best future method for deter-
mning the sex of juveniles.

Habi t at

Perhaps the nost inportant contribution of recent

wor k has been the anal ysis of habitat and hone
range (the latter will be discussed in the next
section). This information has been critical to
the delineation of appropriate habitat for Spotted
OM Managenment Areas (SOVAs in the Pacific North-
west Regi on, USDA Forest Service) and Spotted Ow
Territories (SOTs in the Pacific Southwest Region).

Forsman and others (1984),
(1984), Sisco and Qutigrrez (1984)
denonstrate a significant association of
with old-growth forests. Solis' work is
particularly useful in that it describes not only
an affinity for old growh, but al so describes the
forest structure in detail. A though Douglas-fir
old growth is-the nost inportant habitat type,
nuch old growth (and nmature, unmanaged conifer
forests) below the high elevation subal pine

Qutigrrez and others
and Solis (1983)
the ows
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conifers also is occupied by spotted ows
(Forsman and others 1984, Solis 1983).

Several interesting features of habitat use are
energing from the studies. First, although
spotted ow s can be found within second-growh

conifer forest, and in other habitats, it is
unknown if they are reproductively successful;
this aspect needs further research (Forsman and

others 1977, 1984). Neither presence-absence nor wn
abundance of ow s al one should be used as an
indicator of habitat quality (Van Horne 1983).
Fitness, when neasured as breeding success, should
be used as one of the primary criteria for the
quality of habitat (Van Horne 1983). Second, not
all old- growth stands appear to be equally used by
the ow s} (Solis 1983). Use may be related
proximately to habitat structure per se, or
ultimately to food resources (see also Hilden 1965
for a theoretical discussion of these concepts).
Third, male and female ow s appear to be using
habitat of different structure (Sisco and
Qutiérrez 1984, Solis 1983, see footnote 1).

In general, spotted ow s use old-growth forests
that are characterized by multistoried stands of

| arge-diameter (> 91 cmin diameter at breast
height [d.b.h.]) conifers with hardwood under-
stories in northwestern California. In Oregon,
the understory may be either hardwood or conifer
(Forsman and others 1984, p. 16). The stands in
Cal i fornia have high canopy closure (approxi mately
80-90 percent) and they are old (> 150 years) with
a high degree of stand decadence (Sisco and
Qutiérrez 1984, Solis 1983). Spotted ow habitat 3.
i n Washi ngton appears to closely resenbl e Cascade
Oregon habitats but has 90 percent canopy closure
(Garcia 1979).

)

Tables 1, 2. and 3 present data that nore
specifically define the oW's habitat in north-
western California. The nultistoried pattern of
spotted ow habitat is easily discerned from
tabul ation of tree density and basal area (table
1). Douglas-fir dom nates the upper canopy and
hardwoods the |ower strata (that is, diameter
classes). There are, however, conifers and
hardwoods represented in all dianeter classes.

A conparison of table 1 with table 2 shows the
average age of trees in the |argest dianeter
class (> 91 cmd.b.h.) is 268 years; the tree
diameter class 53-91 cm d.b.h. averaged 142 years.
There is nuch variation in ages anmong trees of a
particular size class as a result of the influence
of site factors, elevation, and exposure. Table
3 indicates that these stands al so have a high
degree of decadence associated with them Stands
used by spotted ows in northwestern California
may therefore contain relatively small dianeter
(53-91 cm d.b.h.) trees but exhibit properties of
stands that are nuch older. Such properties
include (1) a nultiple canopy of hardwoods and

W

)

-ll(/hnuscript in preparation by David Solis, WId-
life Department, Humboldt State University,
Arcata, CA 95521.
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Table |--Some tree characteristics within spotted
ow habitat in northwestern California %

Di anet er
size class ¥

Mean density Mean basal

area

Har dwoods:
|

|

I

\Y

vV

Subt ot al

Coni fers:
|
I
11
Y
vV

Subt ot al .
(Douglas fir)

Total trees

st ens/ ha

46. 20
154.14
47.54
9.80
1.26

258. 96

17.98
T4.47
48. 28
25. 67
27.57

193. 99
171.73

452. 95

nf/ ha

14.71

0.18
2.27
5.68
9.81
35.74

53.70
49. 65

68. 41

Y/ Data from Solis (1983) and Sisco and Qutiérrez

(1984) and represent 723 vegetation plots 0.02 ha

in size.

/D aneter size class:
(diameter at breast h

d.b.h.; 11l = 22.94-53.08 cm d.b.h.;

53.34-91.19 cm d.b. h.;

Table 2--A sanple of

| = 10.16-12.44 cmd.b. h.

eight); 11

V = >91.44 cm d.b. h.

Dougl as-fir

(Pseudot suga

12.7-27.68 cm
IV =

menziesii) tree ages Withir11 spotted ow habitat
in northwestern California ~/_

D aneter ,

size class Mean- S.D. Sanpl e size
years

| 47.3 13.0 3

I 51.8 5

11 114.1 57.2 70

IV 142.0 65.3 84

\Y 268. 66 108. 3 86

I} Data is from Sisco and Gutiérrez 1984.

Y Dianeter size class

53.34-91.19 cm d. b.h.;

(diameter at breast height); Il
d.b.h.; 11l = 27.94-53.08 cmd.b.h.;

V = >91.44 cm d.b.h.

10. 16-12. 44 cm d. b. h.
12.7-27.68 cm
v =
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Table 3--Summer habitat characteristics of |
spotted ow habitat in northwestern California1

Habi t at
characteristics Summer
Snag density 53.54
(stens/ ha)
Canopy closure % 87%
Decadence ¥/
| .28
11 .24
1 .48

1L Data are from Solis (1983) and Sisco and
Qutiérrez (1984) and represent 723 vegetation
plots, 0.02 ha in size.

-?-/Canopy closure is a neasurenent of both conifer
and hardwood components of the stand.

/ Decadence: See Solis (1983) for a conplete
description of decadence; however, level I|Il has
hi ghest snag incidence, indicating a nore
decadent stand.

conifers and (2) advanced decadence including
dead and down debris and snags. Decadence plays
a very inportant role in spotted ow habitat.
First, suitable cavity nest sites are-forned as a
result of the decay and aging process. In
addition, snags, decadent and rotting trees, and
downed woody debris nmay provide cover and habitat
for flying squirrels and wood rats, the spotted
oW 's nmajor prey.

Removal of woody debris and understory vegetation
may alter the foraging patterns of spotted ows.
Solis (1983) reports that a radio-telenetered
bird foraged within a shelter-wood cut until the
understory was burned as part of a silvicultural
prescription. The oW was not observed to forage
in this area after the prescribed burn until the
understory vegetation had begun to grow again.

The pattern of habitat use in sumer and in
winter is simlar (Forsman and others 1984, Sisco
and Qutiérrez 1984). Wnter habitats resenble
sunmer habitat structurally (Sisco and Gutiérrez
1984) in spite of the large -increases in wnter
home range area (Forsman and others 1984, Sisco
and Qutiérrez 1984). Extensive analysis of plant
speci es conposition and structural analysis of
northwestern California ow habitats is given by
Sisco and Qutiérrez (1984) and Solis (1983). The
ol d-growth habitat used by spotted ows are also
the most valuable tinmber on public lands in the
Pacific Northwest. One of the major questions
that managers and biol ogists ask is whether the
spotted ow is indeed dependent on old growh




(Carey 1984). There are several aspects of their
habi tat ecol ogy that strongly indicate that spotted
owl s are dependent on old growh:

1. Habitat use patterns denmonstrate the ow's
association with old gromh (Foreman and others
1984, Forsman and Meslow 1985, Qutiérrez and
others 1984, Sisco and Qutiérrez 1984, Solis 1983;
see footnote 1).

2. Spotted ow habitat characteristics denonstrate
agreenent between forest scientists and wildlife

bi ol ogists that this habitat is classified as old
growth (for exanple, Franklin and others 1981,
Franklin and Spies 1984, and reference i mediately
above).

3. Habitat analysis denonstrates there is a

statistical difference in forest structure between
intensively used and available habitat (Solis
1983) .

4. The decline of spotted ow populations as old
growth is |ogged denonstrates an association
between the ow s and these particular forests
(Forsman and others 1984, U S. Departnent of

Interior, Fish and Wldlife Service 1982).

t he

5. The correl ation between home range size and
the amount of old growth in the range denonstrates
the inmportance of old growth in influencing honme
range size (Sisco and CQutigrrez 1984; see footnote

1).

6. Spotted ow behavioral response to heat stress
by roosting in old growth denonstrates the

i mportance of old growh for thernmoregul ation by
ow s (Barrows 1981).

7. The general absence of spotted ow s on heavily
cutover |lands denmonstrates a qualitative, negative
i mpact on owl popul ations with loss of old growth
(Forsman and others 1977).

Home Range and Movenents

Adult northern spotted ow s are consi dered
sedentary ani mals (Forsman 1980, Forsman and
others 1984, Sisco and Cutiérrez 1984, Solis
19831, even though sone popul ations show nigratory
behavi or (Layman 1985). In contrast, juvenile
spotted ow s are highly mobile (CGutiérrez and
others 1985, MIller and Meslow 1985).

Movenents within the home range usually do not
exceed 1.5 km (neasured as straight distance from
beginning to end of sanple period) within a 24-hour
period. Mvenents may, however, involve use of
large areas (about 300 ha) within a relatively
short period (3-4 weeks) (Forsman and others 1984;
see footnote 1).

One interesting aspect of the home range is that
it islarge (x =785 hain Sisco and Gutiérrez
1984; x = 1713 ha, table 1, in Forsman and others
1984).  Forsman and others (1984) state that an
average of 131 days of observation was needed to
deternmine 80 percent of an ow's home range area.
The data fromnorthwestern California probably

42

underestimte the honme range size for nost of the
ow s radio tagged there because the nmonitoring
period was less than 131 days. The ow's hone
range often increases substantially in size with
winter range expansion (Forsman and others 1984,
CQutiérrez and others 1984, Sisco and Qutiérrez
1984; see footnote 1). Home range size has been
shown to be positively correlated with the amount
of old growth within the range and not with other
seral stages (see fig. 13 in Sisco and Cutiérrez B
1984). OmMs in fragnented forests sonetines have

very large or very small home ranges relative to

other ows (Forsman and others 1982, 1984;

Qutiérrez and others 1984). Perhaps in the forner
case the ow s use larger areas to enconpass frag-
ments of old growh (Forsman and others 1984,

p. 54), and in the latter case they may be

i solated by adjacent territorial owWs or are
constrained by inhospitable habitat (for exanple,
clearcuts and grasslands) (see footnote 1).

"

The rel ationship anmong hone range size, habitat

di spersion, and habitat quality is still not well
understood (Cutiérrez 1985). OmMs in fragnented
forests have limted access to old growh and may
have reduced fitness (lower reproduction); this
needs to be studied (CGutiérrez 1985). There is
sonme indication that some owls with only linited
old growth available to themhave | ow reproductive
output. ¥

Food Habits
Al'though spotted ows capture a variety of prey,

nunerous food habit studies have shown that mamals
are their major food resource--particularly flying

squirrels, @ auconys sabrinus, and woodrats,

Neot oma sp. (Barrows 1980, 1985; Forsman and F
others 1984; Kertell 1977; Marshall 1942; Solis

1983). Earhart and Johnson (1970) suggest that

spotted ow s are nore insectivorous than current
data indicate. Forsman and others (1984) and

Si sco §L believe that flying squirrels may pre-
domnate in the diet of ows living in nesic
habi tats and woodrats nmay predominate in nore
xeric environnments. Habitat structure or food
availability within these habitats may influence
which prey species is nost abundant. It is
interesting that woodrats in northwestern
California have a binodal distribution of
abundance; their greatest populations are found
in early and late seral stage forests (that is,
brushy clearcuts and ol d-growth forests) and the
| owest popul ations are found in internediate-aged
forests (Raphael and Barettt 1984).

Barrows (1985) presents data that suggest spotted
ow s may breed in years when their larger prey

-

2L Unpubl i shed data by R J. CQutiérrez and others
on file, WIldlife Department, Humboldt State

University, Arcata, CA 95521

.L?’;,
§L Manuscript in preparation by C Sisco, Wldlife
Department, Humboldt State University, Arcata,
CA 95521.
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are either nore abundant or nore available.
Barrow& has data on Peronyscus populations in his
study area that suggest spotted ow s do not appear
to be tracking large Peronyscus populations. His
idea is certainly plausible when one observes the
large talons these birds possess. The large tal ons
indicate evolutionary selection for handling |arge
prey. The ecol ogy of the spotted _ovd's maj or prey
Is not well understood but may ultimately be
inportant in predicting reproductive biology and
dermography of the spotted ow (CQutiérrez 1985).

LIFE H STCRY

Little is known of the denography or other life
history characteristics of spotted ows. Studies
of population dynamics require the construction of
life tables. Although spotted ow denographic
data are linited to first approximations, subject
to modification with new information, life table
construction is possible (Barrowclough and Coats
1985). In the following brief review | wll
describe those life history features that are
particularly inportant to the denography of
spotted ow s.

Reproductive Biol ogy

There is substantial yearly and geographic varia-
tion in the proportion of an ow population that
breeds (Barrows 1985, Forsman and others 1984,
Qutiérrez and others 1984, Laynon 1985).

Qutiérrez and others (1984) report general
breeding failure throughout the Pacific Northwest.
Forsman and others (1984), in analyzing 130 nesting
attenpts over 5 years, found on the average that
62 percent (range, 16-89 percent) of their pairs
attenpted to nest each year but Gutiérrez and
others (see footnote 2) have noted a |ower
frequency of nesting attenpts in northwestern
California. They found an average of 36 percent
of 92 pairs (range, 0-45 percent) attenpted to
nest over a 3-year period. Sone pairs appear to
nest far nore frequently than others; for exanple,
MIler (1974) reports a pair, (presumably the same
birds) that nested in 5 of 7 years. Conversely,
Barrows (see footnote 4) and Cutiérrez and others
(see footnote 2) have nonitored some nonnesting
pairs for 5 years. These unsuccessful pairs were
located in nonold-growth habitat or in fragnented
habitat. Reproductively successful pairs my
provide clues for isolating habitat quality or

i ndividual variation paranmeters responsible for
that success. Yet Forsman and others (1977)

correctly point out the need to study those few ows

in second-growth forests (see also Cutiérrez 1985).

Autch Size

The nodal clutch size was two in Forsman and
others (1984). They refer to other historical

“/ Unpublished data by Cameron Barrows on file,
North Coast Preserve, Bansconb, CA 95417.

studies that report four-egg clutches although
the maxi mum brood size (an index to clutch size)
they observed was three. Forsman and others
(1984) found no evidence for renesting by wild
spotted ow's, although captive birds have laid
two clutches in one season (Forsman and others
1984). Because the birds are physiologically and
genetically capable of laying two clutches,
failure to renest may be related to food avail-
ability or some other factor.

Because males feed their incubating mates, females
are dependent on the male's foraging ability
(Forsman 1976). Wen foraging conditions are poor
and the female is forced to leave the nest to
search for food, the clutch may be lost. Poor
food resources probably do not inprove soon enough
to allow a female to renest.

Age At First Reproduction

Barrows (1985) reports a second-year female
breeding and MIler §L has observed a second-year
female breeding. M field crew has also observed
at least two second-year fermales paired with
adult males. Because juveniles have a high
mortality rate, second-year breeding, at |east by
femal es, may not be uncommon.

Survivorship And Mortality

Juvenile ows have a low first-year survivorship
(Forsman and others 1984, Cutiérrez and others
1985, MIler and Meslow 1985). Young Strix ow s
die for many docunented reasons, such as avian
predation, starvation, accidents, and human
predation (CGutiérrez and others 1985, Southern
1970). Young spotted ows are especially

vul nerabl e during devel opnent following fledging
and during early dispersal (Forsman and others
1984, CGutiérrez and others 1985, MIller and

Mesl ow 1985).

Forsman and others (1984) suggest that spotted
ows are long lived. Data on adult denography
will be slow in accunulating and will require
extensive banding and nonitoring to determne
adult survival rates. Adults are susceptible to
predation, starvation, disease, and accidents,
but the influence of these forces on survival is
unknown.

Density

There are few published accounts of density
estimations in the strict sense of the term
(Burnham and ot hers 1980). Forsman and ot hers
(1977) published an "index of density," and
Marcot and Gardetto (1980) published nearest
nei ghbor distances and other estimates

§L Manuscript in preparation by Gary Mller,
Oregon Cooperative Wldlife Research Unit, Oregon
State University, Corvallis, 97331.




of density. The assunptions and applications

of nearest neighbor distance has been

discussed by Oark and Evans (1954) and Pool e
(1974) . This technique is unsuitable for

denmogr aphi ¢ (density) anal ysis. Barrowcl ough and
Coats (1985) approximate the density of spotted
ow's across all habitats to be 0.037 ow s/knf
(based on calling surveys conpiled by the
California Fish and Game Departnent).

Popul ation boundaries need to be delineated to
arrive at sone area suitable for census. | would
predict spotted ow densities are likely to vary
substantially with habitat quality and quantity.
Forsman and ot hers (1977) found spotted ow s
substantially nore abundant (approximately 12 tines,
according to their index) in old growth than in
second growth. One of ny study areas of 10,000 ha
has 22 ow s and a nearby area w th good census
data has 12 owWs in 20,000 ha. The latter area
has undergone extensive |ogging.

Di spersal

Di spersal ecology has been the subject of recent
intensive research (CQutiérrez and others 1985,
Mller and Meslow 1985). Prelimnary results show
that juvenile spotted ows are aggressive dispersers
capable of noving long distances. They appear to
nove directionally and rapidly (Cutiérrez and
others 1985). It is unknown from published data
whet her this pattern is consistent with other
areas (Allen and Brewer 1985, MIller and Mesl ow
1985).  Qoservations of the 1984 cohort of
juvenile spotted oMs in northwestern California
suggest that this pattern may not continue (see
footnote 2). As dispersal data continue to
accumul ate, managers will gain a critical piece of
information for spatially distributing spotted ow
territories and calculating denographic paraneters
for spotted ows (Barrowclough and Coats 1985).

O her Life Hstory Features

Sone inportant paraneters of life history evolution
are almost entirely unknown for spotted ow s but
ultimately may play a role in predicting the effect
of managenent plans on the ows. Sone of these are
their interspecific conpetitive ability, variation
in parental care anong pairs, environnental
stability, and population genetics (see also
Stearns 1976, 1977, for a discussion of life
history characteristics).

HYPOTHESES ON DEPENDENCE ON OLD GROATH

Recent research has led to some interesting
hypot heses concerning the spotted ow's
dependence on old-growth forests. These
hypot heses are:

Nesting hypothesis,
Thernoregul ati on  hypot hesi s,
Predation hypothesis,

Prey hypothesis, and

Adapt ation hypot hesis.
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Carey (1985)
in this synposium |
hypot heses on prey under
they are often interrelated. The inplications of
these hypot heses for managenent will be di scussed
as will their potential for explaining the

evol utionary relationships of spotted ows and
old-growth forests. It is undoubtedly a conbina-
tion of factors that have led to the spotted
ow's role or dependence on old-growth forests.

| have, therefore, expanded and reinterpreted
Carey's (1985) adaptation hypothesis.

di scusses these hypot heses el sewhere
have conbined his two
one category because

y

)

Nesting Hypothesis

Spotted ow's, like nost other ow's, do not
construct their own nests (Burton 1973). They
depend on the natural occurrence of suitable
nesting sites within their habitat. The [location,
structure, and type of nesting sites used by
spotted ows are typically found in old, decadent
forests (Forsman and others 1984). They are
generally high above the ground (Z = 27.3 m

X =24.3 n; in cavities or broken-top snags (64
percent; 92 percent); and in large dianmeter trees
(x = 135cmd.b.h.; x = 170cm d.b.h.) (Forsman
and others 1984 and LaHaye,ﬁ/ respectively).

A d-growth forests are often decadent and provide
the greatest nunmber of trees suitable for nesting
sites. It is unlikely that the need for nesting
sites is the evolutionary force behind the
dependence of spotted ows in old-growh forests
for the followi ng reasons. First, spotted ows
do nest in abandoned stick nests built by other
birds and in accumul ations of organic debris in
the tree canopy. Forsman and others (1984)
report 36 percent of their spotted oW nests were
of debris or were nests of other species. Both
of these conditions can occur in younger aged
forests, although accunul ations of organic debris
probably occur nore frequently in old-growh
forests (Forsman and others 1984). ‘ Second,

resi dual, decadent trees are often left behind
after fires or other natural environnental
perturbations. Yet, spotted ow s apparently

sel dom use these residual old-growh trees in
younger forests (only 6 percent of the nests
found by Forsman and others 1984, p, 30, were in
young forests with scattered residual trees).
Finally, open-canopied hardwood stands within

ol d-growth areas often provide presumably suitable
structural nest sites but are rarely used by
spotted ows (see footnote 6).

)

nesting sites can
Live

From a managenent perspective,
probably be created through nanipul ation.
trees can be topped or cavities created in
several ways to create structurally suitable
nesting sites (see footnote 6). One pair of ows
has been observed to use an artificial cavity in
the Six Rivers National Forest (personal observa-
tion). The tawny ow (Strix aluco) of Europe
responds readily to artificial nest boxes

0y

)

M S. Hunbol dt

State University,

thesis in progress by W LaHaye,
Arcata, CA 95521.
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(Southern 1970). Nest boxes have been placed in
old-growth forests in California by Forest Service
biol ogi sts without success (personal observation).
The sites chosen for box placement nmay have already
had abundant or traditional nesting sites. For
exanple, ny research crew discovered an active ow
nest within 150 m of a nest box after the box had
been placed in an old-growth tree. Because this
pair had successfully nested in 2 out of 4 years
at the natural site, it was unlikely that they
woul d abandon their traditional site for the
artificial one. The successful placenent and
construction of nesting boxes will depend heavily
on adequate nodels of nesting sites and nesting
habitat (see footnote 6).

Thernoregul ati on  Hypot hesi s

Barrows and Barrows (1978) and Barrows (1981) first
quantified the relationships between roosting site
mcroclimte and heat stress in spotted ows.
Spotted owl's choose cool and shady microclimates
that provide relief from high anbient tenperatures
(Forsman 1976, Solis 1983).

Because natural selection has favored the evolution
of a plumage that is adapted to w thstand winter
conditions (Barrows 1981, Barrows and Barrows
1978), it is possible that use of the cool nicro-
climate, which multistoried old-growth forests
provide, is the counterbalance to the plumage.
There are, however, several natural history
observations that suggest that even though
selection for old-growh roosting sites may be an
i ndicati on of dependency on old-growth forests, it
probably does not explain the dependency on |arge
tracts of old growh.

Vard ‘/ analyzed nicrohabitat selection and

behavi oral positioning in response to variation in
anbi ent tenperatures. He concluded that the
position an ow chooses within the foliage is as
inportant as the selection of actual roosting
habitat. Sisco and Qutiérrez (1984) denonstrate
that the old-growth forests are still the nost
inportant habitats for spotted ow's when heat is
not a factor. Aternatively, old-growth forests
may provide more protection from inclenent weather
and, thus, may be inportant for winter therno-
regulation (Forsman and others 1984).

This hypothesis is inportant to managenent.
Spotted ow's need adequate thermal cover in all
seasons. Many areas of potential spotted ow
habitat may not provide relief from heat without
old-growth. In some areas access to old-growth
roosting sites may energetically constrain the
ows to a finite distance fromthe roosting site.
Because owls can and do select roosting sites in
cool, noist, shaded canopies wthin canyons to
relieve heat stress, they may have sone alternative
habitats to use. Aso, the small patches (24 ha)

I Unpubl i shed senior thesis by J. P. Vard on file,
Departnment of Wldlife, Hunboldt State University,
Arcata, CA 95521.
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of old-growth forest required as a mninum patch
size for spotted ow management areas in California
wi || probably provide an adequate nmicroclimate to
relieve heat stress. Yet SOMAs and SOTs without
old growth on south-facing slopes or in areas
where alternative habitats are not located wll
probably not be used by spotted ow s.

Predati on Hypothesis

Geat horned ow's (Bubo virginianus) and goshawks
(Accipiter gentilis) wll prey on juvenile spotted
ows (Forsman and others 1984, Gutiérrez and
others 1985, Mller and Meslow 1985; see footnote
1) . Presumably, spotted ows are nore vulnerable
in open habitats than in the forests. The many
observations of juvenile spotted ow s noving
through open areas (that is, grasslands, savannas,
clearcuts, and oak woodl ands) (see Gutiérrez and
others 1985) suggest that the potential for pre-
dation does not, in general, deter these birds
from using open areas when they are juveniles.
Forsman and others (1984, p. 54) suggest adult
spotted ows may also be preyed upon by great
horned owls. Yet great horned ows are found
throughout the range of spotted ows and often
occupy areas adjacent to or overlapping spotted
ow hone ranges with little predation occurring
(personal observation). | have recorded spotted
ow's tenporarily avoiding an area when a great
horned ow vocally established its presence, but
the birds again used the area at some later date.
Thus predation has probably occurred opportunis-
tically at low levels for adults and at higher

| evel s among juvenile spotted ow's. This preda-
tion pressure has probably not been strong enough
to explain the spotted ow's association with

ol d-growth forests.

From a managenent point of view predation coul d
becone a serious factor. If great homed ow s
increase in response to forest fragnentation,
then the opportunity for their preying upon
spotted ow's will increase.

Prey Hypothesis
| have chosen to conbine the prey abundance and

prey availability hypotheses of Carey (1985) and
Forsman and others (1984) into one hypothesis

because | believe the hypotheses are closely
rel ated.
Raphael and Barrett (1984) suggest a binodal

abundance distribution for wood rats in north-
western California. These rodents are plentiful
in shrub-sapling stages and in older aged forests.
Raphael and Barrett (1984) denpnstrate an
increase in relative abundance of wood rats with
increasing age of old-growth stands. Thus the
spotted ow's primary prey, in northwestern
California, is more abundant as the forest
increases in age.

The reason that owls do not forage in shrub-
sapling habitats probably is the inability of the
owms to hunt effectively in these densely vege-
tated habitats (Forsman and others 1984). Solis




(1983)
significant

and Sisco and Cutiérrez (1984) denpnstrate
differences in foraging habitat between
male and female ows. The differences in the
structure of foraging habitat is probably related
to-the wing loading of the birds. The smaller,
more maneuverable nales use denser forests.
Differential habitat use by the sexes may reflect
an avoi dance of conpetition. These differences
persist in wnter when home ranges expand and the
birds forage independently (Sisco and Cutiérrez
1984, see footnote |). Because shrub-sapling
stages are far nore dense than habitats normally
used by foraging ows, one mght expect that the
ow s cannot maneuver well enough therein to
effectively prey on wood rats. Although Raphael
and Barrett (1984) did not adequately sanple
flying squirrels, these animals are rare in
shrub-sapling stages and in pole-sized tinber.

The ecol ogy of wood rats and flying squirrels
within Pacific Northwest forests is not well
understood. If their populations fluctuate
asynchronously, or by habitat type and age, then
it would help explain not only the foraging of
ows within large areas but also the ows' use of
a variety of stands greater than 150 years of age.

H | den (1965) points out that food is one of the
ultimate factors in habitat selection of a

speci es, not only because of short-term
physi ol ogi cal mai ntenance but al so because of
reproductive needs. It is probably the interplay

of abundance, availability, and distribution of

the spotted ows food base that explains the birds
hi storical dependence on large tracts of old-growth
forests. As its habitat becones increasingly
fragmented, the bird' s needs for thernoregulation,
for nest sites, and to avoid predators and
conpetitors will become nore inportant factors in
the population ecology of spotted ow s.

The prey hypothesis is probably the nost inportant
hypot hesi s for nmanagers because it nmay explain the
spotted ow's use of large tracts of ol d-growh
forest. If the ow's nmjor prey is geographically
vari abl e in abundance, distribution, or avail -
ability, spotted ows may have to forage wi dely
through the year to find adequate prey popul ations.
Thus the increased energy needed to exploit habitat
patches in a fragmented forest may negatively
affect reproductive output. The interrelationship
between prey, territory size, and foraging patterns
needs to be investigated to predict the inpact of
habitat fragnentation on the species (see al so
Qutiérrez 1985).

Adaptation Hypothesis

Carey (1985) discusses this hypothesis, which
proposes that spotted ow s have coevol ved with

ol d-growth forest and thus are behaviorally or
physiol ogical |y adapted to these forests. In
reality, this hypothesis is a conmbination of all

ot her hypot heses and unknown natural selection
forces. | will expand this hypothesis differently
than does Carey (1985).

Bi ol ogi sts coul d engage in endl ess di scussion over
the coevol ution of spotted ow s and ol d-growh
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forests. Spotted ows may have even secondarily
invaded old-growth forests although this is

unlikely. Nevertheless, there is considerable

data, just presented, that old-growth is inportant

if not critical for thernoregulation, nesting, and
foraging. Al though ecologists are currently &£
engaged in serious debate concerning the nature

of competition (Salt 1984), one potential factor

in the relationship of old growh and spotted ow s

m ght have been the conpetitive relationship with ~
the larger and nore widespread and aggressive
great horned ow. One potential way of avoiding
conpetition is through differential habitat use.

Through tine the spotted ow's success in using
old gromth may have favored adaptive response to
ol d-growt h habitation regardl ess of the original
pressure to use old growth. Forest fragnentation
in the Pacific Northwest may al so favor the
spread of a potential conpetitor in the barred
ow (Strix varia) (CQutiérrez and others 1984,
Tayl or and Forsman 1976). The interaction of
these closely related species is now being
studied by Allen. ¥ Introducing conpetitors, as
wel | as changing the nature of the environnent
spotted ows have shown strong adaptive responses
to, could have serious consequences for spotted
ows. Studies of spotted ows and their repro--
duction under varying environnental conditions

wi |l help tremendously in understanding the
nature of the spotted ow's adaptability in a
changi ng worl d.

CONCLUSI ONS -

W dlife biologists have gained a great deal nore
information on the natural history than on the
dermography of the northern spotted ow. There are g
several reasons for this. First, natural history
data are needed to establish a research foundation;
second, natural history features are nore easily
observed in nature and often require only direct
observation; third, natural history information
provi des the manager with the raw data for
managenment (for exanple, habitat requirenents and
nest site selection). Life history character-
istics provide the manager with the tools
necessary for devel oping predictions of popul a-
tion viability. My life history features,
particularly dempgraphic and, to a |esser extent,
dispersal information, take a great deal of tine,
energy, and noney to quantify. Barrowclough and
Coats (1985) and Shaffer (1985) point out the
importance of this information for predicting the
long-termviability of spotted ows. The need

for specific research is outlined el sewhere in
this synposium by Cutiérrez (1985).

b

A d-growth forests provide the food and cover

essential for the survival and breedi ng success
of northern spotted ows. The inpact of habitat
|l oss through | ogging over time nust be assessed A

H Allen,
600 North Capitol

§L Manuscript in preparation by
Washi ngt on Departrment of Gane,
Wy, Qynpia, WA 98504.
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both in terms of natural and life history charac-
teristics. Cearly habitats wth known,
consistently reproductive pairs nust be chosen as
the SOMA.  The ultimate numbers of owls to be,

mai ntained will depend upon denographic and
dispersal information that-is, at present, [acking.
First order approximtions are possible (Barrow
clough and Coats 1984) but will undoubtedly change
as our understanding of the spotted ow increases.
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BREEDI NG SUCCESS RELATIVE TO FLUCTUATIONS IN DI ET

ABSTRACT:  This paper
ows (Strix occidentalis)
\Wen spotted ows do breed,

flying squirrels are predomnate in their diet.

describes infrequent,

large prey itens may be inportant in the breeding frequency and success of

spotted ow s.

The rel ationship between breeding success and prey

popul ations should be considered in the devel opment and inpl ementation of

5
FOR SPOTTED OALS IN CALI FORNI A
Caneron W Barrows
successful breeding in spotted
and the relationship between breeding and diet.
large prey such as dusky-footed woodrats and
The availability of these
-

habitat-suitability nodels for

| NTRODUCTI ON

Recently there has been a substantial growth in
the know edge of spotted ow (Strix occidentalis)

habitat requirenments. Forsman's work in Oregon
(Forsman 1976, 1980) provides an initial founda-
tion for spotted ow research. For northern

California, Solis (1983) and Sisco and Cutiérrez
(1984) provide detailed analyses of seasonal
habitat use by spotted ows. Barrows and Barrows
(1978) and Barrows (1981) describe nicrohabitat
selection related to the ows' thernoregul atory
constraints.

Data fromthe studi es nentioned above have been
incorporated into spotted ow managenent plans
by the USDA Forest Service and used to devel op
habitat suitability nodels (Laymon and Barrett
1982). There renmains a serious void in know edge
about spotted ow habitat that precludes a well-
informed application of these plans and nodels.
For exanple, the factors that influence the
reproductive success of spotted ows are poorly
understood. Forsman (1976) first described the
irregul ar breeding of spotted ows. Although

CAMERON W BARROAS is a preserve director at the
Northern California Coast Range Preserve, The
Nature Conservancy, Bransconb, Calif.

spotted ow s.
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Barrows (1980) alludes to nmechani sns responsible
for breeding irregularity in spotted ows, the &=
causative factors are not docunented.

In this paper, | present results of ,a study
designed to exam ne the causes of the lack of
successful breeding in spotted ows. |t should
be noted that this is a nultifaceted probl em and
only one aspect is exam ned here.

Newt on (1979) has shown that breeding rates in
raptors are positively correlated with food

suPPl Y- Mbst studies examning this relationship
have dealt with relatively sinple predator-prey
systens consisting of a single primary prey
source (Adam ck and others 1978, Hanerstrom 1979,
Pitel ka and others 1955, Smith and others 1981).
Spotted ows take a broad spectrum of prey
(Barrows 1980); any one of four major nanmalian
prey species can be the nost prevalent in the
ows' diet in agiven year. My analysis exam ned
the relationship between fledgi ng success and the
relative frequency of these mammalian prey
species in the diet of spotted ows.

i

METHODS AND STUDY AREA

| collected regurgitated pellets below diurnal

roost sites of spotted ows during 1977 through &
1984. The pellets contai ned approxi mtely 1,500
individual prey items. To facilitate conparisons

over nuch of the spotted ows' range in
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observation.

California, |
size groups:

categorized prey species into two
small prey -- animals that weigh
less than 100 g, and large prey -- animals that
weigh 100 g or nore. Only mammalian prey were
considered in this grouped analysis because
marmal s conprise over 90 percent of the biomass
consuned by spotted ows (Barrows 1980). | also
calculated mean prey weight of all prey species
for each of ny study areas.

For this study, | defined fledging success as the
percent of occupied territories in each area in
which spotted ow pairs fledged young over the 8-
year period. Each year | observed ows in a
territory was designated a potential breeding
attenpt. | recorded 47 breeding attenpts in 21
spotted ow territories. Five of these
territories were found in the Peninsular Range of
southern California; the other 16 territories
were located in Mrin, Mendocino, Humboldt and
Trinity Counties of northern California. My

| argest sanple came from three occupied
territories observed for 4, 6, and 7 years (17
breeding attenpts) in The Nature Conservancy's
Northern California Coast Range Preserve in
Mendoci no County.

RESULTS AND DI SCUSSI ON

Forsman and others (1984) record spotted ow
fledging success for Oregon over a 5-year period
(1972-1976). They observed 130 breeding attenpts
with a fledging success of 44 percent. M data
from California were simlar with 47 breeding
attenpts over 8 years and a fledging success of
45 percent. Individual territories varied
considerably in fledging success. Three terri-
tories in northern Mendocino County had a fledging
success of 0 percent, 33 percent, and 29 percent,
for 4, 6, and 7 years, respectively. One terri-
tory in central Humboldt County had a fledging
success of 100 percent based on 6 years of
Barrett and Laynon (1982, 1983)
report a fledging success of 6 percent based on
32 breeding attenpts over 2 years in the Sierra
Nevada of California. Mller (1974) reported a
fl edging success of 80 percent in 5 years of
observation of one territory in Mrin County,
California.

The generally low and variable fledging success of
spotted ows shows narked yearly trends. A broad
regional failure in spotted ow breeding success
was observed in 1982 (Qutiérrez and others 1983).
Fl edgi ng success approached 0 percent for O egon
(MIler and Meslow 1984) and northern Californi a l
Breeding success inproved in 1983. O 63 occupied
territories checked in Oregon, 48 percent
successfully fledged young; on those territories
with known pairs of ows, 62 percent successfully
fledged young (MIler and Meslow 1984). In
northern California in 1983, 17 percent of 87
occupied spotted ow territories successfully

| Personal communication, R Gutiérrez, Hunbol dt

State University, Arcata, CA 95521.
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Table |--Percent occurrence of prey species in
regurgitated pellets of spotted ows, collected
fromtwo ow territories in California

AREA/ PREY SPECI ES 1977 1980 1981 1982 1983

Percent - - - - -

Northern Coast Range A %/

Neot oma fusci pes 43 14 8 16
d auconys sabrinus 17 8 3 32
Arborinus |ongi caudus 9 3% 50 32
Peronyscus mani culatus 9 20 26 8
Cther mammel i an prey ¥ 1 3 0 1
Nonmammajréy &n 21 20 13 11
Northern Coast Range B .

Neot ona fusci-pes 18 18 14 9 3
d auconys sabrinus 13 18 29 16 24

Arborinus |ongicaudus 24 32 20 38 42
Peronyscusnani cul tatus 15 12 10 14 14

G her manmmalian prey 4 3 l 1 2
Nonmanmal i an prey 26 17 20 16 15

1

ZNorthern Coast Range A and B are located on
the Northern California Coast Range Preserve,
Mendocino County, CA

2L Q her manmalian prey include: O ethriononys
californicus, Mcrotus californicus, _Scapanus

[atimanus, Neurotrichus Qibbsi, Sorex — -
trowbridgii, Lasiurus cinereus, Mistela ernminea,

Tamas sp., and__Syl vl [agus sp.

gL Nonmammal i an prey include various species of
arthropods and birds.
of successful

* Indicates year breedi ng.

fledged young; of those territories with
confirmed pairs, 45 percent successfully fledged
young (Qutiérrez and others 1984). Simlar year
to year fluctuations were noted by Forsman and
others (1984).

The year to year variations in the diet of
representative pairs of spotted ows are shown
intable 1. An increase in the frequency of
large prey in the diet during breeding years was
characteristic for all of the pairs of ows
included in the analysis. Overall nean prey

wei ghts for breeding spotted ows (x = 115 g,
S.D. = 31) are significantly greater (one-tailed
t test, P(Q01) than for nonbreeding ows (x =
79 g, S.D. = 25) for 16 spotted-ow pairs |
studied intensively. A conparison of the
frequency of spotted ow prey species, grouped
by size, taken in breeding and nonbreeding years
is depicted in figure 1.
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Prey frequencies in the diet of four representative pairs of breeding and nonbreeding
Successful breeding years are denoted by an "X" above the histogram,

Mammalian

small prey —— less than 100 g; large prey -- 100 g or more.

(Northern Coast Range pairs A and B are located on the Northern California Coast Range Preserve,
Mendocino County, CAj; Peninsular Range pairs A and B are located in Cuyamaca Mountains State Park,

San Diego County, CA).

Differential breeding success rates in spotted
owls may relate to basic habitat quality and
varying habitat conditioms. Habitat features,
‘such as shrub cover, snag density, volume of dead
and down wood, and canopy cover, are cotrrelated
with prey density and vulnerability (Maser and
others 1979, Southern and Lowe 1968). These
characteristics vary through the forest and so -
might account for some interterritorial
differences in spotted owl breeding success.
Fruit and mast production and weather-related
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effects on prey vary among years and sites,

Food supply is most often cited as the ultimate
cause in determining breeding success in raptors
(Newton 1979), Other factors such as the indivi-
dual owl's breeding experience certainly have
some effect (for example, see Southern 1970); in
at least one case, however, I found a second-year
female spotted owl successfully breeding. Small
mammal density estimates for northern California
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in 1982 and 198§-/ support a correlation between
breeding success of spotted ows and fluctuations
in rodent populations. This correlation nust be
viewed with skepticism as the primary prey species
of spotted ows in northern California (Barrows
1980) are not sanpled effectively by a single
trapping nethod, Dusky-footed woodrats (Neotonma
fuscipes), northern flying squirrels (d auconys
Sabrinus), red tree voles (Arborinus |ongi caudus),
and deer mice (Peronmyscus maniculatus) are
inportant prey ©Of spotied ows, but their
dissimlar ecologies and behaviors require vastly
different sanpling methods for estimating their
densities. Oten densities can't be estimted
and popul ation indices are not conparable anong
speci es.

The energetic demand on a spotted ow pair feeding
one to three owets has not been measured but it
must be considerably greater than that for
nonbreeding pairs. The average weight of dusky-
footed woodrats (269 g) or northern flying
squirrels (115 g) (Forsman and others 1984) is
four to twelve tines that of deer nmice (22 g) and
red tree voles (27 g). The energetic benefits of
taking larger prey, which require fewer trips to
the nest, must be balanced against possible costs,
such as greater difficulty of capture and a |ower
encounter rate, that result in longer search tines
for these larger animals.

For the spotted ow pairs | studied, the presence
of large prey, such as dusky-footed woodrats and
northern flying squirrels, is inportant to
breeding success. The high frequency of Ilarge
prey in the diet of breeding spotted ows could be
a function of either the availability of the large
prey or the ows' prey selection. Prey availa-
bility, however, partly deternmines prey selection.
This distinction is inportant but is beyond the
scope of the present paper. Understanding the
ecology of the prey is fundanental to
understanding the ecology of the predator. For
the spotted ow, predator-prey relationships seem
closely linked to reproductive success. Managi ng
for spotted ows, therefore, should include
consideration of those animals that serve as ow
prey; ecological data on these prey species is
required before we can understand the process
behind the breeding pattern of spotted ows,

Current spotted ow managenent plans and habitat
suitability models focus on habitat use by spotted
ows, not on the ows"' productivity. Habitat use
alone is but one nmeasure of habitat quality (Van
Horn 1983). Breeding success is perhaps the best
nmeasure of habitat quality (Hlden 1965).

I ndividual spotted ows and spotted ow pairs do
occupy habitats that are apparently inadequate
for consistent successful reproduction. Wthout
imigration from areas that allow high

2 Personal communi cation, Mrtin Raphael,
University of California, Berkeley, CA 94720.

Unpubl i shed data on file,
Coast Range Preserve,
Bransconmb, CA 95417.

Northern California
42101 W/ derness Road,
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reproductive output, spotted ow populations in
poor environments may not be able to persist.

Habitat suitability nodels for spotted ows

need to be tested using the frequency of
successful breeding, Such tests could be
conducted by applying the nmodels to the
territories of pairs for which reproductive
attainment has been neasured. |If the nodels
cannot distinguish between the territories of
reproducing and nonreproducing ows in terns of
viability, then the nodels nust be reexan ned
and refined. The nodels could also include
terms reflecting the suitability of the territory
for the ows' nmmjor prey species. The inportance
of regular breeding success in a popul ation
cannot be overstated. Factors that contribute
to breeding success should be integral parts of
habitat nodels. Such factors may vary
tenporally (for exanple, density) and long-term
ecol ogi cal studies may be necessary before good
model s can be devel oped.
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A REVIEW OF CURRENT NORTHERN SPOTTED OW

(Strix occidentalis caurina)

RESEARCH

IN WASHI NGTON STATE

Harri et

ABSTRACT : Two spotted ow

L. Allen and Larry W Brewer

research efforts are underway in Washington.

One is a study of spotted ow population and ecology and is being con-
ducted and funded by the Washington Department of Gane. The other is a
study to evaluate the effectiveness of

(SOMA) concept

the Washington Departnent of Gane.

| NTRODUCTI ON

The northern spotted ow was classified as "sensi-

tive" by the state of Washington in 1982; this
classification was changed to "threatened" in
1983. The Department of Game is currently con-
ducting two research projects on the spotted ow .

The first project was initiated in 1982 and was
funded by the Nonganme Program of the Department of
Game. It was established to provide facts about
spotted owl ecology that either added to existing
know edge or clarified unique management ques-
tions in Washington. The objectives were to:

1. Deternine the population distribution and
status of spotted ow s in Washington;

2. Monitor habitat adul t
owl s;

use patterns of spot t ed

3. Analyze habitats used by adults; and

4. Devel op mmnagement recomendations for
ted ows in Washington.

A fifth objective, to nonitor the dispersal of
juvenile ow's, was added during the second year
of the study.

spot -

LARRY W BREWER and HARRIET L. ALLEN are WId-
life Research Biologists with the Washington
Department of Game, dynpia, WA
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the Spotted Omn Managenent Area
and is funded jointly by the USDA Forest Service and

The second research project began in 1983 in co-
operation with the USDA Forest Service to evaluate
the effectiveness of the Spotted OM Managenent
Area (SOWA) concept. The cooperators are the USDA
Forest Service Pacific Northwest Region, including
the Munt Baker-Snoqual mie National Forest, the
Gfford Pinchot National Forest, and the Qynpic
National Forest; the Pacific Northwest Forest and
Range Experinent Station Od Gowh Research and
Devel opment Project, Oynpia, WA, and the Wash-
ington Departnment of Game. (bjectives of the
study were to:

1. Deternine occupancy rates of SOWAs;
2. Determine how ows are using SOWAs; and

3. Determine how used areas differ from unused

areas.

An overview of the methods and prelinminary re-
sults of these two projects will be discussed
i ndi vi dual ly.

SPOTTED OM. ECOLOGY STUDY
Popul ation Levels and Status

W began our work on popul ation eval uation by
conducting a random survey throughout the poten-
tial range of the spotted ow in Washington.
Thi's included coniferous forests in both western
Washi ngton and on the eastern slopes of the Cas-
cade Range. '\W divided the study area into




20-km (12.5 m) square cells and then randomy
selected 53 cells in which to run surveys. The
surveys were conducted along 32-km (20-ni) routes
on roads or trails nearest the center of the cells.
Routes were surveyed twice between May and Septem
ber in both 1982 and 1983. Approximately 40 co-
operators from State and Federal agencies and pri-
vate organi zations worked on the spotted ow sur-
vey each year.

Along the routes, cooperators stopped every 0.8-km
(0.5 m) and played a tape of a spotted ow call.
The call was played at specified intervals over a
B-mnute period at each listening station. Al

ow responses and the direction fromwhich the re-
sponses were heard were recorded at each station.

Prior to the spotted ow surveys, each |istening
station was evaluated for habitat characteristics.
Data were gathered for a 400-mradius circle at
each listening station and were recorded in a com
puter format. The data will be used to conpare
habi tat amobng areas where spotted ow s responded
and areas where no ow s responded.

In spring 1982 we called ows at 1,772 stations
along 48 routes. During this effort we heard 44
spotted ows and 5 barred ows. In spring 1983 we
surveyed 1,289 stations over 35 routes. W heard
33 spotted owms and 16 barred ows. W will at-
tenpt to estimate a mininmumspotted ow popul ation
I evel fromthe census results. Data on barred
ows will be used in a separate eval uation of
barred ow distribution in Washington.

The sites where spotted owls were |ocated during
the surveys will be used as a random sanple to

hel p evaluate the classification status of the
spotted ow in Washington. At each of these sites
we will determne the habitat types, habitat frag-
nentation, |and ownership, and future land use
plans of an area 3.2 km (2 ni) square centered on
the survey listening station.

The information fromthese anal yses will be com
bined with other pertinent data to make a final
determ nation of the status of the spotted ow in
Washington.  There are no plans to repeat the sur-
vey in future years.

Moni toring Habitat Use

The noverment and habitat use patterns of 17
spotted ow s have been nonitored via radio tel em
etry for varying lengths of tine within the Z-year
study period. Seasonal and overall hone ranges
for adult male and fenmale ow s are being identi-
fied. Roosting and foraging concentration areas
within the home ranges are being mapped.

To date, the home range size for the three nost
northerly pairs of ows have been evaluated. Two
of these pairs were |located near Mount Baker in
the Munt Baker- Snoqual mie National Forest and one
was in the Early Wnters Creek drai nage, Ckanogan
National Forest. The average hone range for these
pairs was 2499 ha (6,176 acres). The average hone
range for each individual oW was 1648 ha (4,071
acres).
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These three prelimnary hone range estimates are
conservative figures. The ow's were nonitored

for periods of 120 to 300 days and may represent
as little as 60 percent of the total hone range
(Forsman 1984). Prelininary evaluations suggest
that home ranges are larger at the northern end
of the species' range. W have made prelininary
estimates of the total area of old growth within
the home ranges of these three ow pairs using

1979 classified Landsat satellite imagery (Brew 2
er and Eby 1983). The three home ranges eval u-

ated contain an average of 749 ha (1,850 acres)

of old growth per pair.

Analysis of Habitats Used by Adults

Habi t at anal yses of use areas will be conpared
to habitat analyses of randomy selected plots.
We will also look for disparities in habitats
selected by males vs. females. These habitat
evaluations will be conducted in wet coniferous
forest types in western Washington and in dry
coni ferous forest types on the eastern slopes of
the Cascade Range. A major enphasis of this
work will be to conpare habitat needs of the
northern spotted oW fromthe southern linits to
the northern reaches of the species' range.

Throughout the project, spotted ow pellets have

been collected at nesting and roosting sites and

will be used to analyze food habits. Prey spe-

cies will be identified and results conpared

with results fromsimlar studies in California 2
and Oregon.

Moni toring Juvenile D spersal

)

Six juvenile spotted ows were trapped and

equi pped with raio transmitters in August 1983.
These young birds dispersed fromtheir nest
areas in Septenber and early Cctober and were
noni tored throughout the follow ng year by spot
checks from aircraft. Dispersal routes of the
juvenile birds were plotted; distance, direction,
habitat selection, and nortality during dispers-
al are being eval uated.

The juveniles had a known nortality rate of 67

percent; as of June 1984, four of the six juve-

niles were dead. W were unable to |ocate two

of the owls after extensive searches in My and
suspect that the transmitters failed. Prelim-

nary review of the data indicates that dispers-

al by juvenile spotted oWs is randomin both
direction and habitat use. W tracked juvenile

ow s through a variety of habitats; only a few

of themfit the current concept of adult spotted

ow habitat. Dispersal distances exceeded 48 km

(30 m) in some cases. In those instances where

two siblings were radi o equi pped, the birds dis- =
persed fromthe nest area in generally opposite
directions. The sanple size in this study is
smal | ; however, the results should add to the
under st andi ng of juvenile dispersal when com
bined with the results of simlar research con-
ducted in Oegon and California.
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Managenent  Reconmendati ons

The final objective of this research is to provide
recomendations regarding the population status
and managenent of the northern spotted ow in
Washington.  The target date for witten conple-
tion of this research effort is July 1985.

EVALUATI ON OF THE SPOTTED OM. MANAGEMENT AREA
(SOMR) CONCEPT

Cccupancy Rates of SOWAs

A total of 46 SOMAs were randomly selected for

the nonitoring study: 19 in the Munt Baker-
Snoqual mi e National Forest; 17 in the Gfford
Pinchot National Forest; and 10 in the Qynpic Na-
tional Forest. During the first field season
(March - September 1984), we surveyed these 46
SOMAs to determne occupancy. Enphasis of survey-
ing was to locate owls within the SOMAs during the
day rather than at night. SOMAs were surveyed at
night when we were unable to elicit daytine re-
sponses. If after 7 surveys throughout the season
we were unable to elicit a response, we considered
the SOVA unoccupi ed.

Ve obtained at |east one response from a spotted
ow in 43 of the 46 SOvMAs. W found no spotted
ows in 3 of the 46 SOMAs. O the 43 SOMAs with
responses, we got daytime confirmations of a pair
of ows in 12 SOMAs; and daytine confirmations of
a single oWl in 11 SOMAs. W got only night-time
responses fromows in 20 SOMAs. O these, seven
were confirmed (according to Forest Service guide-
lines of three responses nore than 72 hours apart)
to contain at least one spotted ow. Thirteen
SOWAs had at |east one response, but were not ver-
ified to contain oWls. W obtained barred ow re-
sponses in or near eight of the 46 SOMAs. W
found no reproduction in any of the 46 SOVAs sur-
veyed.

oM Use of SOWVAs

Ve nonitored five ows during the first field
season. Prelinminary results indicated an average
sunmer range area of 968 ha (2,391 acres) (range:
257 ha (634 acres) to 1765 ha (4,362 acres)).
From 0 to 85 percent (x = 35.5 percent) of the
locations were within the SOWAs; summer ranges
overl apped the SOMAs by 0 to 44 percent (x = 20.5
percent). Wnter tracking is continuing on these
SOMAs during 1984-85. W will nonitor nine pairs
of birds (three SOMAs on each forest) during 1985.

Conparison of Used vs. Unused Areas

Habitat anal yses of used vs. unused areas wll be-
gin during the 1985 field season. Vegetation
anal ysis that incorporates concentric circular
plots (Spies 1983) randomy |ocated in used and
unused habitat, will be conducted in each of the
home ranges of nonitored ows. This effort will
concentrate on those portions of home ranges that
fall within the SOWAs.
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CLD- GROMH FOREST RETENTI ON FOR SPOTTED OALS- - HOW MUCH DO THEY NEED?

Eric D. Forsman and E. Charles Meslow

ABSTRACT:

Pairs of adult ows in Oregon were studied by radiotel enetry

to determine their hone ranges and the acreages of old-growth forest in

the home ranges.

Six pairs were studied for 3 to 13 nonths.

The pairs

used 1,008-3,786 acres of old growth, averaging 2,264 acres per pair.

The 1,008-acre figure provided the basis for

| NTRODUCTI ON

I'n 1980 the O egon-Washi ngton Interagency
Wldlife Cormittee recommended that the anount
of old-growth forest retained for individual
pairs of spotted ows be increased from300 to
1,000 acres (121-405 ha) (Oregon-Washington
Interagency Wldlife Conmittee 1980). This
recommendati on was based on data gathered during
radi o-tracking studies of spotted ows in Oregon
between 1975 and 1980 (Forsman 1980, 1981;
Forsman and others 1984). During these studies,
14 adult spotted ows were fitted with radio
transmtters and tracked for periods ranging
from3 to 13 nonths. In 6 cases, we were able
to track both nenbers of a resident pair of ows.

ERIC D. FORSMAN is a wildlife biologist residing
at 580 S.E. Corliss Ave., Corvallis, OR E
CHARLES MESLOWis | eader, Cooperative Wldlife
Research Unit, Oregon State University,
Corvallis, OR
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managenent recomrendat i ons.

At the end of the tracking period, the total
home range of each pair of ows was determned,
and the amount of old growth within each hone
range was deternined from orthophotos. The

m ni mum anmount of old growth within the hone
ranges of the 6 pairs studied was 1,008 acres
(405 ha) as reported by Forsman (1981) and
Forsman and others (1984).

Subsequent to the 1980 revision of the spotted
ow managenent plan, we received a nunber of
requests to display all the data relating to the
amount of old growth within the hone ranges
occupi ed by the pairs of ows that we studied
(only the ninimmacreage figure was cited in
our initial reports). The purpose of this
report, therefore, is to display the conplete
set of data concerning the amount of old growth
within the home ranges of the 6 pairs of ows.

CLD GROMH PER PAIR

The area of old-growth forest in the home ranges
of the radio-tagged pairs is shown in table 1.
As described in Forsman (1980, 1981) and Forsman
and others (1984), data fromthe I A and 2C pairs
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(table 1) should be viewed with caution because
there was sone question about the stability of
those pairs. The other 4 pairs, however,
appeared to be conprised of well-established

i ndi vi dual s.

within hone
radi o- t agged

Table |--Ampunt of old-growth forest
range areas utilized by 6 pairs of
spotted owl's in northwestern O egon

Pai r no. Home range size 1/ O d-growth area
——————— Acreg — = -~ - - - - -
A 10, 146 3,786
2A 3,945 2,092
5A 3,969 2,248
1lc 10, 440 2,262
2¢c 8,343 2,191
3¢ 2,840 1,008
Mean 6,614 2,264
Std. Dev. 3,419.5 886.5

1/ Areas given indicate the total
used by each pair of ows.
by individual
others (1984).

home range area
Hone ranges utilized
owms were described in Forsman and

The ol d-growth acreages used by the pairs of
spotted ows in our studies do not appear
Recent studies in California and Washi ngton
indicate that pairs of spotted ow's use extensive
areas of old-growth and nmature forest in those
areas as well (Sisco 1984; Solis 1983; Harriet
Allen, pers. comm 1984 /).

A Washington State Gane Departnent study in
progress. Data on file with Harriet Alen,
Washington State Gane Department, Oynpia, WA

unusual .
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Because of econonic concerns, the approach to
spotted ow nmanagement in Oregon has been to manage
for the mininum number of pairs necessary to
sustain a genetically viable population and to
provide each pair with a mnimm anount of
old-growth habitat. This approach involves a high

degree of risk because it is unlikely that any
species will prosper if it is reduced to nininum
nunbers and, at the same tine, provided with a

m ni num anount of suitable habitat. To mitigate
the effects of mniml nunbers and nmininal areas of
habitat, managers should attenpt to ensure that
old-growth habitat that is retained for spotted
ows is of the highest quality available.
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JUVENILE SPOTTED OWL DISPERSAL IN NORTHWESTERN CALIFORNIA:

PRELIMINARY RESULTS

R. J. Gutiérrez, Alan B. Franklin, William Lahaye,
Vicky J. Meretsky, and J. Patrick Ward

ABSTRACT:

northwestern California during 1982 and 1983.
not found in northwesterm California in 1982,
Eleven owlets survived to disperse between 2 September
The total dispersal distances for these owlets

The final dispersal distance

13 juvenile owls.
and 23 October 1983,
ranged from 30 km to 156 km (x = 78 km).

Dispersal ecology of juvenile spotted owls was studied in

Breeding spotted owls were
In 1983, we radio-marked

measured as a straight line from the nest to the location of juvenile
mortality or transmitter failure ranged from 20 km to 98 km (x = 45 km).
An analysis of dispersal directions using circular statistics showed
that, as,a group, juveniles dispersed in a southerly direction (154°).
We lost radio contact with four of the owls, while the remaining seven

died.

predation (1), starvation (3), undetermined (4).

Causes of mortality included a presumed accident (1), animal

The management

implications for these preliminary results are discussed.

INTRODUCTION

The northern spotted owl (Strix occidentalis
caurina) is closely associated with old—growth
Douglas—-fir (Pseudotsuga menziesii (Mirb.)
Franco) forests from southwestern British
Columbia through northwestern California

R. J. GUTIERREZ is an associate professor of
wildlife management and chairman of the Dept. of
wildlife at Humboldt State University, Arcata,
CA. AIAN FRANKLIN, WILLIAM LAHAYE and VICKY
MERETSKY are graduate students in wildlife
management and J. PATRICK WARD is an under-
graduate student in wildlife management at
Humboldt State University, Arcata, CA.
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(Forsman 1980, Solis 1983). The rapid harvest of
these forests in the Pacific Northwest has led to
a population decline of the northern spotted owl
(Forsman and others 1984, U. S. Fish and Wildlife
Service 1982). 1In response to this decline, the
USDA Forest Service established Spotted Owl
Teritories (SOTs) that-are developed from habitat
and home range studies conducted by Forsman (1980)
and Solis (1983). Although data exist for estab-
lishing guidelines for SOT habitat quality and
quantity, no data exist for determining an
appropriate distribution of SOTs.

The maintenance of effective population size
(Barrowclough and Coats 1985) and the correct
spatial organization of SOTs cannot be
adequately predicted without an understanding of
dispersal. The importance of animal dispersal
to demography, genetics, and .social behavior has




been documented for a wide variety of taxa
(Greenwood 1980, Lidicker 1962, Lidicker and
Caldwell 1982, Southwood 1962). For this paper,
dispersal is defined as nonmigratory movement by
an individual beginning with its departure from
the natal area and ending with the establishment
of a breeding territory. In this paper, we
present some initial observations on the
dispersal of juvenile spotted owls in northern
California and discuss the implications for the
management of this species.

MATERIALS AND METHODS

The dispersal ecology of northern spotted owls
was studied in northwestern California from 1982
to 1983. Because of a region—wide breeding
failure of spotted owls in 1982, data on
dispersing juveniles were not collected until
1983.

Our study area encompasses portions of the Six
Rivers, Klamath, and Shasta—-Trinity National
Forests in northwestern California. The area is
dominated by rugged topography and numerous river
and stream systems. Elevations of the study area
range from 300 m to 1500 m. -The climate is
typically wet and cool in winter, with snow at
higher elevations; summers are hot and dry.
Average yearly precipitation for the study area
is approximately 142 cm.

The study is limited to Douglas—fir forests

because spotted owls appear to be more abundant
in this habitat (Forsman and others 1984); this
vegetation type is also the most extensive and

valuable of the old-growth forests in north-
western California. The vegetation seres are
more completely described by Sawyer and others
(1977) and Solis (1983).

Nests and juveniles were located in the manner
described by Forsman (1984). Juveniles were
captured using a dip net constructed of mist
netting. Each captured juvenile was banded with
a U. S. Fish and Wildlife Service aluminum leg
band and outfitted with a radio transmitter
attached to a backpack of 5-mm teflon ribbon
(Solis 1983). The birds were released within 18
min and observed to determine behavioral
reactions.

Radio—marked owls were monitored using the
methods outlined by Solis (1983). Owl locations
were plotted on U. S. Geological Survey topo-
graphic maps (1:24000) using a minimum of three
compass bearings from monitoring points with the
bearing describing the peak radio signal
(Springer 1979).

Juvenile owls were initially monitored at least
once a week to determine location or mortality
prior to dispersal. We tracked dispersing
juveniles from the ground as closely as terrain
and weather conditions permitted. Telemetry-
equipped aircraft were used to relocate owlets
lost during ground tracking and for monitoring
owlets in inaccessible areas.

Dispersal directions and direction-distance
vectors were analyzed using circular statistics
(Batschelet 1981).

Table 1—Summary of dispersal distances and fates of 13 juvenile spotted owls, Strix occidentalis

caurina, from northwestern California, 1983

Total Final

Owl Sexl/ Date — Date Date Distance Distance Fate

Sighted Banded Died km (mi) “km (mi)
Tonto M 30 Jun 26 Jul 22 Sep 0 (0) 0 (0 Dead
Fang U 1 Jul 7 Jul 9 Oct 32 (19) 26 (16) Dead
Titus U 30 Jun 6 Jul 25 Nov 128 (77) 99 (62) Dead
Bertha U 18 Aug 23 Aug 2 Feb 45 (27) 22 (13) Unstable2/
Merlyn U 11 Aug 19 Aug 20 Mar 163 (98) 67 (41) Dead
Ranger M 22 Jun 6 Jul 29 Mar 63 (38) 44 (27) Dead
Cheech U 23 Jun 11 Jul 17 Jan 77 (46) 42 (26) Stabie3/
Chong U 23 Jun 13 Jul 21 Nov 73 (44) 56 (35) Dead
Jake U 24 Jun 20 Jul 20 Dec 138 (86) 42 (26) Dead
Elmo U 24 Jun 14 Jul 25 Nov 60 (36) 53 (32) Dead
Sugarbaby U 17 Jun 12 Jul 2 Sep 0(C0) 0 (C0) Dead
Harpy U 17 Jun 8 Jul 3 Jan 45 (27) 23 (14) Unstable
Shrew U 6 Jul 21 Jul 17 Jan 70 (42) 35 (22) Unstable
1/Sex M = male; U = unknown.
Z/Unstable = dispersal in progress when transmitter failed.
3/stable = settled in a restricted area before tramsmitter failed.
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RESULTS AND DI SCUSSI ON

Di spersal Patterns

Al marked, surviving juveniles dispersed
between 2 Septenmber and 23 Cctober 1983 (table
1). Sixty-four percent (7 juveniles) dispersed
within a 9-day period from 19 Septenber to 27
Septenber. The degree of parental care at the
time of dispersal was not known, but after a
bird left its natal area, it did not return.

Di spersal distance and direction.-The total

di spersal distance, which is the sum of dispersal
nmovenents for an individual ow, ranged from 30
kmto 156.km (19 mi to 97.6 mi) with a mean of
78 km (48.4 m) (table 1). The final distance
neasured as a straight line fromthe nest to the
location of the juvenile nortality or transmitter
failure ranged from 20 kmto 98 km (12 m to
61.5 m) with a nmean of 45 km (28.3 m).

The directions in which dispersing owets

travel ed were averaged and represented as vectors
of dispersal (fig. 1). The r val ues associ ated
wi th each vector represent the neasure of concen-
tration of the individual directions taken by
each bird. The higher the r value, the nore

Q°

DIRECTION

B=154°{r20.35)

180°

Figure 1. --Direction vectors for 11 di spersing
juvenile spotted ow's, Strix occidentalis
caurina, from northwestern California, 1983.

0 = an overall group direction; r = the neasure
of concentration of 0 (Batschelet 1981).
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consistently the juvenile noved in a single

direction. Observations fromall of the birds

were conmbined to calculate a group direction or

vector (0). The group direction for all

juveniles was 0 = 154° with r = 0.35. The |ow

r value indicated that directions taken between &
di spersal noverments were variable. Rayleigh and
Rao's spacing tests (Batschel et 1981) showed that
five birds were heading in a particul ar conpass
direction. The remining birds' novenents were. z
not shown to be significantly different froma

random distribution. The group direction (0),
however, was significantly different froma

random di stribution according to both the

Rayl ei gh and Rao's spacing tests. As a group,

the juveniles therefore appeared to be noving in

a southerly direction (0 = 1540; fig. 1).

For each owl, a bivariate vector was plotted
using distance and direction fromthe nest to
the ow's final known location (fig. 2). A nean
vector (M of 188° and 34 km (21.1 mi) was
calculated for the sanple of vectors. Again, as
a group, the juveniles appeared to be moving in
a southerly direction.

Hotel ling's confidence ellipse (Batschel et 1981)
was calculated to determ ne the area covering

DISTANCE &
DIRECTION

#

M =338 km 8 18EP

Vector Scale 10

Figure 2. --Bivariate vectors using distance and
direction fromnest to final location for 11

di spersing juvenile spotted ows, Strix

occidentalis caurina, from northwestern

California, 1983. M= the sanple nean; the

outer ellipse is one standard deviation around &
the mean; the inner, a 95% Hotelling®s

confidence ellipse (Batschelet 1981).
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the true popul ation center of dispersing juvenile
ows with 90 percent probability. In other
words, with the starting point at the nest
(origin) there is a 90 percent probability that
the population nmean of final dispersal |ocations
of juvenile spotted owms would be included with-
in this ellipse.

When the circunstances allowed us to closely
follow individuals that were dispersing, we found
that these birds typically noved rapidly and
unidirectionally. The average rate of novenent
for all birds was 8 kmday (5.03 nmi/day), with a
range of 1.6-17 kmday (I-10.9 ni/day).

After an initial rapid novenent fromthe natal
area, nost (n = 8) of the owets attenpted to
settle. Three of these owets, which were
monitored closely, had home ranges of 362 to 461
ha (882 to 1125 acres>. After settling, six of
the owets died or their transnitters failed.

Two continued to disperse after remaining four to
seven weeks in their respective areas. 0One ow
roosted and foraged for several days in the same
area on three separate occasions and nmade two
round trips of 6 and 50 km (4 and 31 ni). The
owmet died 19 km (12 m) fromthe area during its
third departure.

Effect of barriers and habitat on dispersal.--
Ceographic and topographic barriers did not
noticeably affect direction of dispersal.

OMets frequently crossed major ridges and rivers
during dispersal; for exanple, one bird crossed
three large rivers (75-100 m width) and two najor
ridges (1200-1500 m elevation) during its

di spersal .

Juvenile ows readily crossed habitats in north-
western California that would be classified as
unsuitable for spotted ows (Qutiérrez and others
1984, Solis 1983). Al though ow ets frequently
entered these areas, they often died there as
well. Unsuitable habitats (for exanple, clear-
cuts and oak woodl ands) may be effective barriers
to dispersal, but this does not seemto deter the
birds from entering them

Juvenile Mrtality

Al of our marked juveniles (n = 7) that survived
to disperse, and whose transmitter batteries did
not fail, died during dispersal. Causes of
nortality included predation (11, starvation (31,
and undetermined (3). Four transmitter batteries
failed before they could be replaced. Tw
juveniles died before dispersing, one from an
apparent accident (punctured eye) and the other
from unknown causes. Because none of the
juveniles survived to established breeding
territories, the distances recorded in our
cannot be considered net
di stances.

st udy
effective dispersal

It has long been known that dispersing animnals
incur high nortality rates (Howard 1960, Lidicker
and Caldwell 1982). Juvenile tawny ows (Strix
al uco) exhibited average first-year nortality
rates between 47 and 66 percent under nor mal
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conditions (that is, wthout decreasing habitat
limtations) (Southern 1970), Barrowclough and
Coats (1985) calculated an expected first-year
Surivorship for spotted ows to be 19 percent.

A popul ation of ows could, clearly, not nmaintain
itself with a nortality of 100 percent such as we
observed. Qur sanple size is small enough that
one mght expect the entire group to die by
chance al one (Barrowcl ough and Coats 1985). An

| arger sanple size may be needed to detect the
19 percent survivorship. Despite such a high
first-year nortality rate, spotted ows nmay be
sufficiently long-lived that they could replace
themselves within their reproductive Iives.

MANAGEMENT | MPLI CATI ONS

There are three inportant inplications of our
prelimnary findings. First, our study
denonstrates that juvenile spotted ows nove
considerably farther than previously observed
(Forsman and others 1984). Yet, our data are
consistent with those reported in this synposium
by MIler and Meslow (1985). OMets are
aggressive dispersers and travel rapidly over
topographic barriers and into or through unsuit-
able habitat. Inter-SOT distances should not,
however, be increased to reflect these |ong

di spersal distances. Because ow ets nove
directionally, the probability of a juvenile ow
encountering a SOT woul d decrease as the
inter-SOT distance increases.

Second, we do not know how | ong-term popul ation
viability will be affected if adequate dispersal
sinks (as defined by Lidicker 1962, habitats
where nonbreeding ows can persist until breeding
habitat becones available) are not available for
juvenile ow's. Because spotted ow s are probably
long-lived, SOTs may be occupied for a long tine.
A SOT managenent scheme without consideration for
di spersal sinks nust depend alnost entirely on
the current year's productivity to fill available
SOls.  Thus, the nost productive habitat or pairs
of ows should be maintained to ensure adequate
productivity. W believe that establishing SOTs
with pairs of ows that show sporadic or no
productivity are inadequate for maintaining a
viable population. The reasons for this are:

(1) adults have a variable reproductive pattern
(Qutiérrez 1985, Qutiérrez and others 1984); (2)
juveniles have a |ow survivorship (Barrowclough
and Coats 1985, Forsman and others 1984, MIler
and Meslow 1985); and (3) there is continuing
habitat deterioration.

Third, the influence of dispersal on the
survivorship of juvenile spotted ows and
effective population size is presented by
Barrowcl ough and Coats (1985). If the high

juvenile nortality we observed is, in part, due
to deteriorating habitat (that is, increased
patchiness and loss of old growh), then we

mght predict (1) |ower survivorship of juveniles

as this deterioration continues and (2) an
increase in dispersal distance required to reach
suitable habitat. In turn, effective popul ation
size is strongly influenced by these dispersal




di stances (Barrowclough and Coats 1985).
Utimtely, the long-term viability of spotted
owms in the Pacific Northwest will be a function
of effective population size and colonization of
habi tat patches that are partially dependent on
di spersal ecol ogy (Barrowclough and Coats 1985,
Frankel and Soul € 1981, Cutiérrez and others
1984, Schaffer 1985). SOTs shoul d be established
with appropriate habitat characteristics, as
described by Forsman and others (1984) for nesic
Oregon, by Solis (1983) and Cutiérrez and others
(1984) in northwestern California, and by Laynan
(1985) in the Sierra Nevada. SOTs should not be
designated solely on their value (or |ack
thereof) as a tinber resource. Many of the nost
productive habitats appear to be in valuable
tinmber stands. |f adequate protection is to be
provided for spotted ows, SOIs nust be placed
in these stands, commercial val ues notwth-
standing. Above all, spotted ow managenent

pl ans nmust be allowed some flexibility (CGutiérrez
and others 1984) to accommpdate new and rel evant
findings on spotted ow dispersal.
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CENERAL HABI TATS AND MOVEMENTS OF SPOTTED OALS | N THE SI ERRA NEVADA

Stephen A. Layman

ABSTRACT:
the California spotted ow

in the central

This paper reports a summary of a 3-year research project on
Sierra Nevada of California. i

OMs with radio transmtters were tracked and vegetation paraneters were

measured on summer, autum,

| ocated plots within the ow's hone range.
novenents and establishment of winter home ranges in the foothill

m grati onal

and winter roosting plots and on randomy

The di scovery of downsl ope

woodl and was a significant finding which may indicate a subspecies difference

and which raises previously unthought
these new managenent

ramfications of

| NTRODUCTI ON

A great deal of research has been undertaken on
the northern spotted ow (Strix occidentalis
caurina). Forsman and others (1484) compl eted
ei ght seasons of field work in west-central

Or egon, including two years of radio telemetry on
two study sites. (Qutiérrez and associates at
Hunbol dt State University, Arcata, California,
have conducted a 5-year research effort to exan ne
wi nter and summer habitat use and juvenile
di spersal of spotted owls in northwestern

California. The California subspecies, Strix
occidentalis occidentalis, which ranges from
northeastern Tehama Countv south through the
Sierra Nevada and the high nmountain ranges of
southern California, and in the Coast Range from
southern California north to Mnterey County, has
received little attention from researchers. The
only published information consists of work on
thernoregul ation (Barrows 1981) and on food
habits (Barrows 1480, Marshall 1942).

STEPHEN A. LAYMON is a research assistant,
Department of Forestry and Resource Managenent,
the University of California, Berkeley,

Berkel ey, Calif.

of

managenent

problems.  The 4

i ssues are discussed.
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The current study, from 1982 to 1984, was'

designed to fill in gaps in the know edge of id
the natural history, life history,, habitat
selection, and juvenile dispersal in the

Sierra Nevada popul ation of the California
spotted oW, and to deternmine if there were
di fferences between the northern and California

subspecies. Presented here is an outline of
the general acconplishments and progress of
the study.
STUDY AREA

The study was conducted primarily between the
mddl e. and south forks of the American River in
El Dorado and Placer Counties, California.

El evation was 300-2000 m and the study area
enconpassed 500 knf. University of California
at Berkeley Blodgett Forest Research Station,
near Georgetown, California, was the base of
operations for the study. Habitat types in the
study area included mxed conifer forest, red
fir forest, yellow pine forest, pine-oak

woodl and, and oak Savannah.
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METHCDS
Radio Telenetry

A total of 13 adults and 12 juveniles were

equi pped with radio transmtters during the
3-year study. Adult foraging sites and winter
roosting sites were located using triangulation
met hods from known |ocations. Summer and autumn
roosting sites for both adults and juveniles were
located visually with the aid of radio telenetry.

Vegetation Sanpling

Vegetation was sampled on 15-mradius plots
centered on roosting, foraging, and random trees.
Al trees greater than 10 cm diameter at breast
height (d.b.h.), total height, height of first
foliage, and average radius of foliage.
Additionally, tree species, shape, and condition
were recorded. Canopy closure was estimated
using an inverted nmonocular with plastic
prismgrid. Shrubs and trees smaller than 10 cm
d.b.h. were sanpled with a 0.5-mwide belt tran-
sect. Dead and down material was sanpled with
line intercept nethods (Brown 1974). Slope and
aspect were also neasured. Sanpling was done at
randony selected roost and foraging sites and at
sites determned by coordinates randomy selected
froma grid placed over a map of each pair's hone
range.

RESULTS

Vegetation Sanpling

Vegetation was neasured at 10 summer (June-August)
roosting sites and 10 summer foraging sites for
each of 12 paired adults. Roosting sites and
foraging sites were characterized for nine adults
during the autumm (Septenber-Cctober). Twenty
random points were surveyed within the hone range
of each pair. Vegetation was also sanpled at

15 roosting sites and at 15 random points in
winter-use areas of four birds. Sanpling on a
total of 50 vegetation plots was also conpleted

at juvenile roosting sites. Analysis of vegetation
data is not yet conplete. A cursory look at the
data shows little sinmlarity along sumrer roosting
sites, foraging sites, and randonly selected sites,
and between winter roosting and winter randonly
selected sites. Geat simlarity is found between
autumm roosting and autumm foraging sites.

Food Habits

Approximately 800 pellets of regurgitated,

undi gested portions of prey itenms have been

col lected and analyzed. A much higher diversity
of prey itenms by species has been found in this
study than in others. The 1982 data, based on
eight pairs of ows and 522 food itens, show

an alnost equal division of bionass eaten:
northern flying squirrels (dauconys sabrinus),

30 percent; dusky-footed woodrats (Neotoma
fucipes), 22 percent; western gray squirrels

(Sciurus griseus), 22 percent; and birds, 16
percent. The 1983 data show a similar pattern.
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Reproductive Success

Reproductive success has been quite low for the
three years of the study. During 1482 and 1983
only 1 of 14 pairs produced young (7 percent).
In 1984, 3 of 12 pairs produced young in the

El dorado National Forest study site and 3 of 10
pairs produced young in the Stanislaus National
Forest -- a success rate of 27 percent.

Juvenile Mrtality

| observed 11 juveniles during the post fledging-
predispersal period. Seven of the the juveniles
died; three dispersed. | am currently nonitoring
one juvenile that has not yet dispersed. O the
seven deaths, four were attributed to predation

and three to starvation.

Mgratory Movenents

| nonitored four adult ows by radio telenetry
during autumm 1983. In late Cctober the four
owl s began noving downslope to the southwest.

One bird was tracked daily during this tinme.

It noved 3-6 km each night, traversing the 29 km
between breeding and wintering sites in seven
nights. This bird dropped in elevation from
1600 to 930 m  The other three ow's noved from
19 to 32 km and dropped in elevation an average
of 700 m Al four ows circulated through areas
of 300-2000 ha, which appeared to be a winter
home range. The birds remained in the wintering
areas until at least late February. Al four
birds returned by md-April to their nest sites
used the previous year.

The areas occupied during the winter were

pi ne-oak woodl ands in contrast to the mxed
conifer forest used during the sumrer. All
wintering areas were below the |evel of
persistent winter snow, which is approxinately
1300 min this part of the Sierra Nevada.

DI SCUSSI ON

Al findings from the study indicate that

natural history patterns of the California
spotted owl in the central Sierra Nevada differ
significantly from those of the northern spotted
oW in northwestern California and Oregon. The
mgratory nmoverment is of special interest. It
indicates a significant behavioral difference
that may be linked to subspeciation.

Mgration also creates significant nanagenent
conplications because it takes ow's from summer
hone ranges primarily in USDA Forest Service
jurisdication to winter hone ranges which are
primarily in areas that are privately owned.

In addition, the winter hone ranges are in the
el evational and geographical area that is growing
faster in human population than any other area
in California.

The migratory novement underscores the inportance
of multiple studies on a species in different
geographical areas to deternmine the range of a




behavior. It also points out the
i nposing a managenent plan for a
region other than the

speci es'
dangers of
species in a geographical
one where the ecol ogical data, on which the plan
was based, was gathered. On the west slope of

the Sierra Nevada, USDA Forest Service managenent
plans designed to maintain breeding popul ations

of spotted ow's may not be adequate if the
majority of the ows are dependent on winter
habitats in the foothill zone, which is grow ng
fast in human popul ation. A nuch nore

conpl i cat ed managenent effort invol ving USDA
Forest Service, United States Department of the
Interior Bureau of Land Managenent, California
Departnent of Fish and Ganme, California Departnent
of Forestry, county Boards of Supervisors, and the
California State Legislature nay be necessary to
provide year-round habitat for the spotted ow s.
Factors such as fuel wood harvest, clearing

woodl and areas for cattle grazing, and subdivision
of land for housing are all inmpacts on the
foothill zone; these inpacts will certainly becone
more serious in the future. This study has

poi nted out a previously unknown problem that
makes the nanagement of spotted ows in the Sierra
Nevada a nuch nore difficult task than previously
thought. Wiether managenment agencies can neet
this challenge will be seen in the years ahead.
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DI SPERSAL DATA FCR JUVENI LE SPOTTED OALS: THE PROBLEM OF SMALL SAMPLE Sl ZE

CGary S. Mller and E Charles Meslow

ABSTRACT:  Collection and interpretation of dispersal data for juvenile
northern spotted ows (Strix occidentalis caurina), based on prelininary
information from Oregon, are discussed. Criteria for determning when

4

di sper sal
Smal | sanpl e sizes,

nmortality, account for nuch of

| NTRODUCTI ON

Di spersal, on sone scale, is an attribute of nost
animals. Dispersal and its patterns are basic to
a species' life history strategy and affect nearly
all aspects of a species' ecology and behavior
(Horn 1983). Dispersal is the mechanism that

brings about
gene flow between popul ati ons.
been proposed as an inportant
regul ation (Lidicker 1962).

of dispersal has been recognized for
the ability to obtain detailed dispersal
mation has been limted for nost species.

col oni zation of unoccupied areas and
Di spersal has al so

factor in population

Wil e the inportance

some tine,

i nfor-

has been defined differently by various
i nvestigators. Howard (1960) defines it as "the
movenent the aninmal makes from its point of origin
to the place where it reproduces or would have
reproduced if it had survived and found a mate."”
Qhers sinply define dispersal as the novenent of
an individual fromits natal area to a new area or
succession of areas (G eenwood 1980, Shields
1982). These later authors add, however, that
successful dispersal requires the individual to
reproduce followi ng dispersal novenents. W wll
di stinguish between dispersal and successful

di spersal .

Di sper sal
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ends and nethods of measuring dispersal
caused by unpredictable reproduction and high juvenile
the problem in studying juvenile dispersal.
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di stances are exani ned.

Information on avian dispersal has historically
come from band returns or sightings of marked
individual s (Erickson 1938, G bb 1954, Johnston
1956, Kluijver 1951). Dispersal information, for
owms in particular, has been gained from various
banding studies (Houston 1978, Stuart 1952, Van
Camp and Henny 1975), and al though helpful in de-
termning some aspects of dispersal, the informa-
tion relies on band returns from the public and
is therefore somewhat biased. Information on an

i ndividual"s rmovenents is not available, and Ioca-
tions where bands are recovered probably do not
accurately portray the individual's total nove-
ments. Biases occur with the area the dispersing
birds nove through. In nore populated areas, the
chances are higher that a bird will be recovered
or sighted. Bands as identification marks have

al so been used in retrapping efforts on specified
study areas to determ ne dispersal between birth-
place and breeding place (Newton and Marquiss 1983).
Such studies use data both from band returns from
the general public and from birds retrapped on the
study areas. Studies with confined sanpling areas
provide an appraisal of juvenile dispersal that is
biased toward short-distance dispersers.

A distinct inprovenent is provided by radio tele-
metry, which reduces nuch of the bias of band
return studies by elininating the reliance on a
confined study area and band returns from the
public. Radio telenetry has been used success-
fully for a nunber of years to study dispersal of
mamal s (Phillips et al. 1972, Shirer 1968; Storm
and others 1976). Only recently has telemetry
been employed to gather detailed dispersal infor-
mation on birds.




W discuss sone of the problenms encountered when
attenpting to collect and interpret dispersal data
gathered in Oregon from juvenile northern spotted
ows (Strix occidentalis caurina). Actual data
used are prelimnary and represent primarily a
single year's effort.

SPOTTED OAL DI SPERSAL STUDY

Results from recent studies have shown that
northern spotted ow s depend on old-growth forests
and are declining in nunbers as these forests are
harvested (Forsman and others 1984, Solis 1983).
As the nunber of spotted ow pairs decreases and
the habitat becones nore sparse, the chances
increase for pairs or groups of pairs to becone
reproductively isolated. Isolated ows do not
contribute to the maintenance of a diverse gene
pool. The distance between adjacent pairs or
groups of breeding ows nmust be such that disper-
sal and recruitnent can replace | osses (deaths or
em grations) anong existing pairs and provide for
col oni zation of suitable unoccupied habitats. A
study of dispersal should help fornul ate better
criteria for mnimal spacing between pairs. Sone
limted work on juvenile dispersal of spotted ows
has been reported fromboth Oregon and California
(Forsman and others 1984, Solis 1983). There are
studies currently underway in both California and
Washi ngton (see respectively, Cutiérrez and others
1985 and Allen and Brewer 1985), as well as our
study in Oegon, to examne dispersal of juvenile
spotted ows in nore detail.

a radio-telemetry study was
initiated in Oegon to obtain dispersal infor-
mation about the northern spotted- ow. Study
areas (fig. 1) were in the western hem ock (Tsuga
heteroghx(lla [Raf.] Sarg.) zone of western Oregon,
an area dom nated by Dougl as-fir (Pseudotsuga men-
ziesii [Mrb.] France) and western heniock -
(Franklin and Dyrness 1973). Specific study sites
wi thin the western henl ock zone were necessarily
determ ned by |ocations of nesting ows. Two
broad regi ons were chosen (the Cascade and Coast
Ranges), but specific study locations within these
regions necessarily changed from year to year.
Forests in the Cascades were |ess fragnented than
were those in the Coast Ranges.

In spring 1982,

In addition to addressing appropriate interpair
spacing, this dispersal study provided an oppor-
tunity to document other conponents of the species'
life history, such as breeding frequency, nesting
success, juvenile survivorship, and recruitment
Mortality of juvenile spotted ow s has been

exam ned only briefly (Forsman and others 1984).
Age at first breeding and rates of recruitnent to
the breeding popul ation are unknown.

Coll ection of Dispersal Data

Life history characteristics of the spotted ow
create many of the limts to the study of
dispersal.  For exanple, spotted ows lay rela-
tively small clutches (1-3) and do not breed every
year (Forsman and others 1984). As a result,

researchers nust work with small sanple sizes of
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Figure I --Northern spotted ow study areas in
western Oregon.
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dispersers. In addition, substantial nortality
occurs prior to dispersal (Forsman and others
1984), making it very difficult to follow signifi-
cant nunmbers of dispersing juveniles. Forsman and
others (1984) document the fate of 29 young be-
tween the time of fledging and the end of August;
19 survived the interval, yielding a nortality
rate of 35 percent. W found nortality rates to
be the sane with a sinmilar sanple size for an
equivalent time period. Use of radio transnitters
al so all owed docunentation of nortality for al nost
an additional nmonth up to the tine of dispersal
(young owl s began di spersal between 7 Septenber
and 4 Novenber). Mortality follow ng fledging
rose to about 45 percent for this total predisper-
sal period.

Thus, with a nean of two young fledged per suc-
cessful nest (Forsman and others 1984), coupl ed
with the high predispersal nortality rate, an
average of one successful nest per "useful"

di spersing juvenile must be located. This is a
form dabl e task, especially if study design dic-
tates partitioning of the sanple into various
categories (for exanple, habitat fragnentation
and stand ages). In 1983 we located 33 young that &
fledged from 19 successful nests. W relocated

these young at |east weekly until young were |arge
enough to carry the transnmitters. Twenty-five

vy)’
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young were still alive at the tinme transmtters
were put on (July-August) and 18 survived to
di sperse.

Mrtality seens to continue at a relatively high

rate during dispersal. O the 18 juveniles that

survived to disperse, only 3 were still alive the
following May. Three other dispersers could not

be located, status undeternined.

dispersing juvenile ows
were |ost, extensive aerial searches were ini-
tiated to relocate them If relocation was unsuc-
cessful, we could not establish with certainty
whether the ow s dispersed beyond the range of the
aerial searches (unlikely) or if their transnit-
ters failed. Radio failure, although uncommon,
does occur. Wen a radio-marked disperser disap-
peared, for whatever reason, we faced a dilenma:
how to enploy dispersal data for such individuals
up to the tine of disappearance. The conservative
approach was to elininate from the sanple of
dispersers any ows that could not be accounted
for (disappear). Data gathered from such indivi-
duals could be incorporated into any summary of
dispersal so long as the bird was located through-
out the period examned. Al so, because such ows
were not necessarily dead, they could not be
incorporated into nmost nortality calculations

Wien radio signals for

except under simlar time constraints. The value
of all data acquired on any individual that even-
tually "disappeared" was greatly dim nished

because there was no docunented end point--
successful dispersal or death.

Short-term studies anplify the inpact of the above
life history attributes. Wen trying to exam ne
dispersal in a quantitative rather than qualita-
tive way, the small sanple size linmts the signi-
ficance of any statistical differences.

MEASURI NG DI SPERSAL

End of Dispersal

Because of biological, logistic, and budgetary
limtations, projected sanple sizes for a study of
ows will be small: An annual goal, for a
3-person field team of 20-25 dispersing juveniles
is realistic. |If the level of nortality we
observed is typical, few successful dispersers
will be documented. |f an adequate nunber of suc-

cessful dispersers is not available, then criteria
must be set to evaluate the |evel of resolution of
dispersal at hand. Various levels of defining
when dispersal ends can be adopted. O these, the
most restrictive definition that the data will
permit should be selected. The following are

exanples in decreasing order of resolution: (1)
ow is paired, breeds, and fledges one or nore
young; (2) ow is paired during the breeding
season; (3) ow is settled in a definable area (3
months or longer) during the breeding season; (4)
oW is settled in a definable area (3 nonths or

| onger) during the nonbreeding season; and (5) ow
di sperses but dies before it has settled for 3
mont hs.
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In our study there are no juveniles in the first

two categories. Three juveniles fall into cate-

gory 3, two into category 4, and eleven into cate-
gory 5. As is evident fromthe data, it wll take
several years of field study to obtain any sort of
sanple size in the first two categories. Thus, it
may be necessary to adopt a less restrictive defi-

nition of dispersal in order to have a reasonable
sanple to work with and to base managenent recom
mendations on. Both researchers and forest nmana-

gers need to recognize these limtations and
jointly participate in deciding the level of
lution acceptable for managenent decisions.

reso-

Measuring Dispersal Distances

How to effectively measure dispersal distances or
to express dispersal depends on which role of
dispersal is examned. One role of dispersal is
as the nechanism that brings about gene flow.

Al though all novenments between birth site and
breeding site are inportant, as they contribute to
survival or lack thereof, only straight-line

di stances between these sites neasure dispersal as
it contributes to gene flow In our study, juve-
niles have moved up to 76.8 km (straight-line

di stance) fromtheir birth site. But survival of
such |ong-distance dispersers has been |ow.
Dispersal, as it relates to gene flow, is func-
tional only if the ow survives to breed. The
appropriate measure is the straight-line distance
between birth site and breeding site.

The other role of dispersal is the colonization of
vacant habitats. To determine encounter rates of
potentially vacant habitats by dispersing juve-
niles, total distance noved between birth site and
breeding site (summation of day-to-day movenents)
are nore appropriate than the straight-line
distance. If daily novenents are deternmnined,
these could be related to the type of habitats
encountered. Consideration of daily novenents
allows other inportant characteristics of disper-
sal to be docunented as well. Patterns of disper-
sal, such as the use or nonuse of major drainage
systens, can only be plotted through the total
movenents of the juvenile.

Effective dispersal distance--Qher researchers
have expressed dispersal distances in terns of the
number of home ranges noved across (G eenwood and
others 1979; Shields 1982). Shields (1982) states
that "dispersal distances are normally reported as
popul ati on averages of the absolute distances

i ndi vi dual propagul es nove. This erroneously
inplies that dispersal is a continuous phenonenon,
ignoring the contributions of normal individual
spacing to dispersal." The individual spacing
that effects dispersal can be estimated from the
size of the hone range. Effective dispersal
distance is the nedian dispersal distance divided
by the average dianeter of the area occupied

excl usively by sedentary individuals (that IS,
hone range dianeters). It is a term describing
dispersal in relation to honme range size

(G eenwood 1980, Shields 1982). FEffective disper-
sal distance thus does not provide a nmeasurenent
of distance but rather provides an index of popu-
lation with respect to other populations or




Table |--Median and nmean straight-line distances nmoved by spotted ows in west central Oegon (from natal
area to death or settling)
Di spersal Distances
Cat egori es Sampl e Size Medi an Mean M ni num maxi num &
------------- Kilometers-------------

Successful dispersers (fledged 1 or nore young) 0 - o _
OM is paired (breeding season) 0 - o *
OM is settled (breeding season) 3 10.8 26.3 (4.8-57.9)
OM is settled (nonbreeding season) 2 - 17.8 (14.8-20.8)
Owm disperses but dies before settling 11 24.0 33.4 (4.8-76.8)

species. Studies enploying effective dispersal

di stances have dealt with a nore honbgeneous

envi ronment without the |arge gaps between pairs
of birds that are typical of the spotted ow. The
fragmented environment of the spotted ow does not
lend itself to expressing dispersal distance in
this manner.

Mean vs. median dispersal distances--Wen
straight-l1ne distances are used to express

di spersal, should they be averaged? Shields
(1982) points out that by averaging the distances,
the few | ong-di stance dispersers inflate the nmean

dispersal distance. This leads to an overestim-
tion of the distance the typical individual noves.
He suggests using the median di spersal distance

instead. Using our 1983 sanple, we cal cul ated
both mean and nedi an dispersal distances (table 1)
for the categories discussed in deternining when
di spersal ends. Median dispersal distances were
substantially less than the mean, and we feel the
nedi an better represented the typical individual's
movenent s.

Di spersal -Rel ated Questions

QG her dispersal-related questions requiring atten-
tion include differential dispersal by sex, popu-
|ation density effects on dispersal distances and
success, initiating and termnating factors for

di spersal, and yearly variation in dispersal. In
a short-term study, sonme of these questions cannot
be adequately addressed. For the spotted ow in
particular, an especially inportant question night
be "what effect does fragnentation of the habitat
have on dispersal and the foraging behavior, habi-
tat use, and survival of dispersers?" One of the
main problens with deternining fragnentation
effects is devising an appropriate neasure of
fragnent ati on. Wrk with habitat fragnentation
presents the investigator with all the problens
associated with an uncontrolled experinment: The
various arrays of fragmentation were not designed.

| f active nests are located in a variety of
fragnented regines, a control area should exist
that has little or no fragnentation. Spotted ow
novenent capabilities seem unfortunately, to be
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great enough to thwart any attenpt to utilize

exi sting | andscape patterns, even national parks
or wilderness areas. Dispersing juveniles are
likely to pass through several |evels of habitat
fragnentation, thereby frustrating attenpts to
differentiate which fragnentation pattern has what
effect.

Many investigators have docunented that for nost
birds, females predoni nate anmong | ong-di stance
dispersers. To test whether or not this is also
the case for the spotted ow, one nmust be able to
correctly identify the sex of juveniles. Criteria
used in the past to identify the sex of juvenile
spotted ow s (weight and wi ng neasurenents) are
not particularly reliable. In a recent paper,
Barrows and others (1982) suggest determ ning sex
of spotted owl's by inspection of the barring pat-
tern on the niddle tail feathers. O 11 carcasses ,e
for which we were able wcheck tail feathers

agai nst an internal exanmination, the pattern of

tail feathers correctly identified the sex of the
juvenile in each case. The success of this tech-

ni que should help answer the differential-

di spersal - by-sex question for the spotted ow.

SUMVARY

The probl ems presented here are not new and are
common to any study of dispersal. The spotted

ow, because of its |ow density, sporadic repro-
duction, and small clutch sixes, presents a signi-
ficant problem to dispersal studies --small

sanpl e size or high cost per unit of data.

The acceptabl e resolution |evel of dispersal and
neasurenent of dispersal distances are closely

tied to sanple size. Wth alimted sample, it

may not be possible to focus only on the success-

ful dispersers. The longer the issue is studied

on a continuous basis, the nore the above- "y

mentioned problem will be alleviated.

Especially in short-term studies, the major

question becormes how rmuch information i s enough.

There must be a consensus anong researchers and L8
managi ng agencies, such as the State and Federal

fish and wildlife agencies, USDA Forest Service,

and the Bureau of Land Managenent, as to what
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constitutes an acceptable data set to base manage-
ment decisions on. The agencies that will enploy
the information are necessarily responsible for
determining the longevity of the studies and the
size of the sanple.
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THE DEMOGRAPHY AND POPULATION GENETICS OF OWLS,
WITH SPECIAL REFERENCE TO THE CONSERVATION
OF THE SPOTTED OWL (Strix occidentalis)

George F. Barrowclough and Sadie L. Coats

ABSTRACT: Data are summarized on the density, dispersal, demography, .and
genetic structure of several species of owls. Life history traits for the
majority of these species are such. that the effects of variance 1in
reproductive success and overlapping generations act to reduce effective
population size with respect to census size by as much as 50 percent,
Estimates of effective deme sizes vary over several orders of magnitude;
for four of six species, the effective sizes are on the order of 102 to
103, The genetic structure of spotted owl, Strix occidentalis,
populations in the Pacific Northwest <consists of & continuum of
neighborhoods isolated by distance from each other. We estimate that
currently there are approximately 10 such units, each composed of about 220
effective ‘individuals, in the range of the subspecies caurina. A management >
plan to preserve the species in that region will result. in the preservation

of a network of. habitat patches. The effects such a plan will have on

genetic structure and level of inbreeding depend critically on the level of

occupancy of the preserved areas. Estimates of this occupancy rate are not

available, but a method is outlined to evaluate genetic structure given

such estimates or a model of population dynamics. A "best case" example is

given along with some recommendations for data that are critically needed

for evaluating the actual effects of a spotted owl management plan.

INTRODUCTION It appears likely that much of the old-growth

forest that constitutes the prime habitat for

the spotted owl will be regqularly harvested for
The purpose of this paper is to describe and timber; thus, the survival of the bird in this
analyze, to the extent possible, the patterns part of its range may depend on the maintenance
of demography and population genetics of owls. of Spotted Owl Management Areas (SOMAs) in- the
Special emphasis is placed on the spotted owl, National Forests of the region. The efficacy of
Strix occidentalis, ~a subject of current these habitat patches as a mechanism for
interest because of concern about the species’ preserving the spotted owl in the Pacific
status in old-growth forests of the Pacific Northwest will depend not only on the number,
Northwest. ) size, geographical location and quality of these
areas, but also on the - demographics (survivor-
ship, fecundity, and dispersal schedules) and ~
genetics of the species (Shaffer 1981). These
aspects of the biology of a species can -be

GEORGE . F. BARROWCLOUGH is Assistant Curator and analyzed using  the technigues of population
SADIE L: COATS 1is Associate in the Department ecology and population genetics. Population «
of Ornithology of the American Museum of ecologists can . aid wildlife managers by

Natural History, New York, N, Y. investigating the way a species' demography,
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di spersal patterns, and geographic distribution
may interact with environnental factors and
ecol ogi cal perturbations. Mdels can then be

devel oped for predicting |ong-term probability
of survival. Shaffer (1985) addresses these
issues. GCeneticists use these same variables and
the equations of popul ation genetics to inves-
tigate the genetic structure and likely pattern
of inbreeding in the population. W address that
topic here.

It is widely understood that inbreeding can be
detrimental. It can lead to reduced nunbers of
of f spring, poorer quality offspring, and a
generally reduced vigor of the individuals in a

popul ati on. These effects are discussed in
Frankel and Soul € (1981). A general concl usion
of such analyses is that inbreeding, if severe,

can lead to inviability of a population and to

its eventual extinction. Hence, an inportant
goal of any attenpt to maintain a natural pop-
ulation through management nust be the non-

itoring and regulation of inbreeding.

The extent of inbreeding in a. population can be
measured directly--for instance -by using nol ec-
ular genetics techniques such as. electrophoresis
(for exanple, Patton and Feder 1981); however,
these nethods only yield estimtes of the cur-
rent |evel of inbreeding. To predict how in-
breeding will progress, a nodel of the genetic
structure of the popul ation nust be devel oped.
By genetic structure, we refer to the geographic
continuity of populations--over what geographic
area a population can be considered randomy
mating, and how many individuals can be found in
that area. The nodels used to devel op guide-
lines, such as preserving 50 individuals to
prevent inbreeding in excess of 1 percent per
generation (Frankel and Soul é 1981), are based
on the assunption of no geographical structure;
that is, on conplete panm xia of the popul ati on.
Such an assunption is reasonable for zoos, but
not necessarily for a wld population spread
over large expanses of a continent.

Researchers concerned with the popul ation dy-
nanmi ¢ aspects of conservation have explicitly
exam ned the rol e of geography on the proba-
bility of long-term naintenance of a popul ation
(see, for exanpl e, Shaf fer 1985) . However ,
popul ation geneticists concerned with conser-
vation genetics have not devoted equivalent
attention to this problem In this study we
begin a first attenpt to incorporate this
inportant biological reality into conservation
genetic analysis.

Mich remains to be |earned about the natural and
life histories of ows,. including the spotted
owm. In spite of this lack of conplete data,
however, nmnagenment plans are now being devel -
oped. To assess whether any particular proposed
Spotted OmM Managenent Plan (SOW) will be
successful over some extended period of tine, it
is necessary to predict the response of the ows
to the details of the plan. This necessitates
the rapid devel opment of nodels for the popu-
| ation dynanics and genetics of spotted ow s.
Thus, it seems requisite to begin organ-
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know edge of owl denographics and
even though data are linted. Data
as well as from projects
will no doubt refine esti-
and lead to sone nodifi-
cations of results and conclusions; never -
theless, it is equally true that the sinple,
prelimnary results of these analyses and nodel s
will identify key life history paraneters that
require inmmediate intensive investigation.

izing our
genetics now,
from future studies,
currently underway,

mat es of paraneters

Finally, we believe it is inportant to sunmarize
inferences that currently can be made about the
denography and genetics of ows in general and
to make these data available to the comunity of
researchers interested in the dynanics and
genetics of natural popul ations.

METHODS AND RESULTS

Qur anal ysis of the denographics of ows re-
quires the estimation of population density and
the distributions of three life history param
et ers--survivorship, fecundity, and dispersal.
Fromthese data, a life table can be construc-
ted; such a table is essential for nost ap-
proaches to modeling popul ation dynanics. These
sane data are needed for nodeling the genetic
structure of a popul ation.

Sever al
ture nmay be

nodel s of geographi c popul ation struc-
relevant to avian species. The
various nodels and instances of their use in
studi es of birds have been reviewed by
Bar r owcl ough (1980) and Rockwel | and
Barrowcl ough (in press). A basic distinction
nust be nmade between species that are geograph-
ically isolated in colonies or "islands" of
habitat, and those that are nore or less
continuously distributed throughout their range.

For the spotted ow, as well as for nost other
ows, the latter nodel appears to be nore
reasonable. For such cases, even though the

species' distribution is considered continuous,
there is expected to be sonme genetic differ-
entiation across the range sinply because
di spersal of young birds, fromtheir natal site
to the location where they breed as adults, is
finite. Depending on the strength of the
tendency for offspring to nest in the vicinity
of the site where they were raised (philopatry),
it may take several, or even many, generations
for genes to "flow' across the range of the
species. Continuously distributed popul ations of
birds are therefore said. to be "isolated by
distance.” The genetic structure of such species
is nodel ed by determ ning the geographical area
over which allelic frequencies should be nearly
uniform-this requires i nformation about
di spersal --and estimating the nunber of birds in
such an area--which requires estimates of
density. The "effective population size" (N)
of this area of the total species’ range is
derived by estimating how such factors as
popul ation fluctuations, sex ratio, and life
expectancy and fecundity schedules affect the
dynani cs of genes within the | ocal popul ation.




The effective population size of the local unit

(dene) is the number of genetically ideal (ran-
donmy  mating, discrete generations, Poi sson
variance of offspring nunbers, etc.) individuals

that woul d have evol utionary properties equiv-
alent to those of the actual individuals in the
deme with their real, biologically conplicated
dermographi ¢ schedul es. Once the theoretical
effective size of a deme of continuously dis-
tributed organisms is known, it is possible to
make some predictions about the extent of
inbreeding in the population.

The estimation of the genetic structure of
natural popul ations using denographic data, as
with any conplicated nodeling approach, is based
on a 'number of biological and mathenatical
assunptions. These assunptions are discussed in
sone detail in Rockwell and Barrowclough (in
press).

Cal cul ati ons. The specific nmethod wused to

obtain statistics describing. the genetic struc-
ture of spotted ow populations originated with

Dobzhansky and Wight (1943, 1947), who worked
on Drosophil a. The nmethod subsequently was
modified for use on avian popul ations by

Barrowcl ough (1980). W estimate the effective
size, N,, of current spotted ow denes as the
number of randomy mating individuals equival ent
to the nunber of ows actually present in a
circle with a radius twice the dispersal dis-
tance of juveniles. In summary:

N, = 4P s*RRSGT

is the density of spotted ow s through-
out the area over which dispersal occurs, s is
the root-nean-square di spersal distance for
juveniles, and "RS and "GT are factors that
correct for departures from the random trans-
m ssion of genes from generation to generation
caused by the effects of variation anong pairs
in reproductive success, and the influence of
overl apping generations, respectively. 'K cor-
rects the geographical size of the deme for the
effects of non-normality of the dispersal dis-
tribution.

where p

A Dispersal.--Spotted ows are nocturnal and
difficult to study; consequently, quantitative
data for the species are just starting to be
accumul ated, and we were forced to use data and
estimates of Ilife history paraneters from a
number of different sources. Data resulting from
radio-tracking juvenile and adult spotted ows
in northern California for several
(Gutiérrez and others 1985, unpubl. data %),
al low estimation of the dispersal distribution
of juveniles and information on survivorship of
both juvenile and adult spotted ows.

Y Data on file with R J. Quiérrez,
Departnent of WIldlife Mnagenent, Hurmbol dt
State University, Arcata, CA 95521.
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Table |--Sunmary of dispersal di stances of
juvenile spotted ow's, based on radio-tagging
within northwestern California

025 26-50 51-75 76-100
3 6 3 1

If the distances juveniles nmoved (between the
sites where they were hatched and where they
breed as adults) were randomwith respect to
direction and normally distributed with respect
to distance, then approximtely 87 percent of
all genes at a particular point would cone from
within two standard deviations of the distrib-
ution of dispersal distances from that point.
Thus, a standard nmeasure of N, for contin-
uously distributed organisms is the effective
size of the population within a circle of radius
2 s(Wight 1969). The root-mean-square dispersal
distance, s, is the standard deviation of
juvenile dispersal distances about their nest
site (origin); s’is the variance of such
distances. Dobzhansky and Wight (1947) showed
that:

s = O[(1/2N) ad?"]:

nunber of juvenile ows
the di stance di spersed by
For the study by Gutiérrez

where Nis the total
studied and d; is
the i'™" juvenile.

and others (1985),

di spersal distances is summarized in table 1.
s, conputed as described above, was found to be
33.56 km for the 13 radio-tagged juveniles.

These data pgy somewhat underestimate true
di spersal distances because some of the owMs in
the study may have died before finishing their
dispersal; additionally, the batteries in sonme
of the transnitters pmy have failed before
di spersal was ended. More dispersal data are
needed; at present these are the best data
avai l abl e and suggest that actual dispersal is
roughly 30-40 km. It would be desirable to have
di spersal distances based on a | arge sanple of
birds followed fromtheir birth site to thei
actual breeding site.

B. Density.--To obtain a realistic estinmate of
effective deme size, one should have an estimate
of density from the same region from which the
di spersal distance data were obtained. This is
because there is the possibility that density
and dispersal may covary. That is, dispersing
birds may tend to nove further in areas of |ow
density (poor habitat). Data on the density of
spotted ows in northern California where the
r adi c%-taggi ng is being perforned were obtain-
ed. 9

%/ Data conpiled by G |. Gould, Jr., Wlidlife
Managenent Branch, Departnent of Fish and Gane,
1416 Ninth St., Sacranento, CA 95814.

the distribution of juvenile
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There are approximately 558 territories in the
area bounded by the Pacific Ccean on the west,
the Oregon border on the north, the northern
border of Mendocino County on the south, and a
line on the east running north-south through the
town of Yreka. It was estimated that 90 percent
of the 558 territories were occupied by pairs of

owm s and the renmining 10 percent by single
birds: in 28,990 knf of northern, coast al
California, there are about 1060 owl's, or an
approximate density of 0.037 ow's per knf

This estimate is of average density over good,
poor, and conpletely unsuitable habitat. It is
necessary to use this estimate rather than one
for strictly good habitat because the dispersal
of juveniles takes them through mxes of habitat
types, and the geographical area occupied by a
single dene of spotted ows wll include unsuit-
abl e habitat.

C. Life table.--A life table is perhaps the nost
i nportant abstraction required in nodeling the
popul ati on dynamics of a species. It is also
needed for nodeling popul ation genetics because
it provides the information requisite for esti-
mting the effects of delayed breeding and
overl apping generations. There are two critical
aspects to the estimation of a life table: data
are needed on year-to-year survivorship and on
fecundity.

1 Survi vorship. - - Survi vorship was  estimated
using the results of the radio-tagging under-
taken by Forsman and others (1984) and by
Gutiérrez and others (1985). First, for adult
spotted ows, it was noted that there were five
deaths in 33 ow years of monitoring; this is
based on 20 ow s that were tracked for periods
of 1 to 3 years and six others that were tracked
for periods of roughly 4 nonths. Thus, year-
to-year survivorship was approximtely 0.85. W
assuned that avian |ifespans are exponentially
distributed (for exanple, Deevey 1947); survi-
vorship was therefore assumed to be constant for
the second year of life on.

Survivorship of juveniles was more difficult to
estimate. W again used data from radio-tracking
of juveniles in northwestern California. Because
of the short timespan over which ows have been
tagged, and the high nortality rate, we esti-
mat ed survivorship separately for each 3-nmonth
period of the first year, beginning at the time
of fledging. For the first 3 months, 3 out of 13
tagged birds died: this is a period of time when
the juveniles are still partially dependent on
their  parents for food.  Survivorship (s,)
during this interval was estinmated as 10/13, or
0.77. During the next 3-nonth period, when
di spersal occurs and winter begins, 4 of 10
tagged birds died: thus, we took s, to be
8.60. For the wnter nmonths, 3 of 6 birds
apparently died: consequently, s, was assumed
to be 0.50. No data were available for the last
3 months of the first year of life. During this
period of tine, spring, prey should becone
abundant; hence we estinmated “that the proba-
bility of death would be of the order of
one-half the rate during the previous 9 nonths.
The average death rate, per 3-nonth period over
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Table 2--Distribution of
anmong pairs of spotted ows

reproductive success

No. of fledglings (x) 0 1 2 3 4
No. of pairs (p) 73 16 26 4 O

Source: Forsman and others (19841.

the first 9 nmonths, was 0.38; the average s,
over this period was 0.62. Thus, for the |ast
3-month period, we estimated the death rate to
be 0.19; this yields an s, of 0.81. Conse-
quently, we estimate first year survivorship of
spotted ow's as (0.77)(0.60)(0.50)(0.81) or
0.19. This estinmate has an unknown, but probably
substantial, standard error associated with it;
it is likely that only about one out of five to
one out of ten fledged spotted ow s survive
their first year.

2. Fecundity.--W estinmated a nmean and a var-
iance of fecundity using the data reported by
Forsman and others (1984), which was based on
their study of the spotted ow in Oregon. W
nmeasured fecundity as the number of fledged, or
nearly fledged, offspring observed at a nest.
This neasure of fecundity conforms to the
survivorship period of the life table, which
starts at the time of fledging. The nunbers of
of fspring produced by 119 pairs are shown in
table 2; a total of 80 young were produced.
Thus, each pair produced an average of 0.67
of fspring per year. If a 1:1 sex ratio is as-
sumed, then this is equivalent to 0.34 female
of fspring per female per year. The variance of
reproductive success anmpbng pairs, conputed from
the same distribution of fecundities, is:

RS = [ apx*@ px)N=(N-1) = 0.87;
where x is the nunber of fledglings produced by
a pair, p is the nunber of pairs producing that
nunber of fledglings, and N is the total nunber
of nests observed. W assune spotted ows do not
breed their first or second spring: this is gen-
erally consistent with life history studies and
other, anecdotal information in the literature.
It is probably true that sone 2-year-olds at-
tempt to breed: also, however, probably not all
3-year-olds do: further study of radio-tagged,
known-age birds is warranted.

We stress that the life table for the spotted
ow, based on these calculations (table 3), nust
not be taken as definitive, given the uncer-

tainty associated with mich of the data. Never-
theless, 1t should prove wuseful as a first
approximation in initiating analyses of the

dynamics and genetics of the species.

D. Generation time.-- Age-structure will influ-
ence the effective size of a local popul ation.

For  exanple, Dobzhansky and Wi ght (1943)

explicitly discuss this problem and  hunan
denogr apher s have  devoted nmuch effort to
anal yses of the nmagnitude of the effect (for
exanple, Emigh and Pollack 1979). Emigh and
Pol | ack present an  algebraic method  for




Table 3--Life table for the spotted ow: fecundity is measured as nunber of female
of fspring per fenale

Age (x) 0 1 2 3 4 5 6 1 8 9 10 i
Survivorship (sy) 1.00 0.19 0.8 0.8 0.85 0.85 0.85 0.8 0.85 0.85 0.85
Fecundity (bhy) 0 0 0 0.34 0.34 0.34 034 0.34 034 034 0.34
q
correcting estimates of effective population di stance distributions depart to sone degree
size for the effects of age-structure, delayed fromnornal in alnmost all organisns. (Distrib-
breeding, and overlapping generations. utions may be characterized as |eptokurtic or
platykurtic. In a leptokurtic distribution,
We have used the life table for spotted ows there are nore short- and long-distance dis-
(table 3) as input to a conputer program that persers and fewer internediate-distance dis-
calculates the nmagnitude of this effect. The persers -than would be expected in a normal
result is a factor, "GT, that represents the distribution. In a platykurtic distribution
ratio between effective size and the census there are an excessive nunber of internediate-
nunber of individuals. For the spotted ow, the di stance dispersers over the expectation of a
result is FGT = 0.69. The fraction, for this nor mal distribution, but  fewer short- and
life table, is considerably less than one, indi- | ong-di stance dispersers.) The distribution of
cating an inportant effect. This is because we di spersal distances for the spotted oW (table
have assuned that the density figures are for 1) is slightly platykurtic, with a coefficient
territorial, but not necessarily  breeding, of kurtosis of -1.07. Using the above estimate
birds; that is, sone |- and 2-year-old birds are of kurtosis, we estimate a deme of ow's, due to
present in the population, respond to calling this departure from nornal dispersal of juve-
(and so are included in the density estimates), niles, actually occupies an area slightly
but do not breed. The FGT factor corrects for smaller than the circle of radius 2 s. The
the fact that the census density includes actual size of this area is reflected in the
prereproductives, and consequently is greater kurtosis factor, 'K conput ed using the
than the nunber of individuals contributing to rel ationship devel oped by  Wight (1969,
the gene pool at any given tine. In theory this p. 304-305). For the spotted owl, we obtain an -
factor can vary from zero to two; if only estimte of 'K of 0.81.
reproducing individuals were included in the
density figures, then FGT for this life table G Effective dene size.--Gven the results of
woul d be close to one. the above analyses, it is possible to conpute an
estimate of effective population size of a dene et
E. Variance in reproductive success.--An under- or neighborhood wusing the fornula presented
lying assunption of estimates of effective earlier:
popul ation size is that the variation in repro-
ductive success anong pairs of individuals has a N, = 4 ps 'K RS fGr.
Poi sson distribution; that is, that the variance
of the distribution is equal to its nean. This Thus,
is an enpirical question, however, and it
appears that in a number of species, at |east of N, = 4 P(0.04km?) (33.56km) *(0.81)(0.69)(0.69)
birds, the variance exceeds the nean. Such is = 218.23.
the case for the spotted owl, in which our
estimate of the nean fecundity is 0.67, and its This is an estimate of the effective size of
variance is 0.87 (see above). Again, as with the | ocal popul ations of spotted ows under current
probl em of age-structure, it is possible to condi ti ons.
conpute a correction factor to estimate the
effective size of a population with a given An additional point is worth noting. RS was
distribution of fecundities. The fornula is defined as the ratio of effective size to census
given by Crow and Kimura (1970): the ratio of size that corrected for the effect of a nonran-
effective to actual nunber of individuals is dom (non-Poi sson) contribution of genes from
conputed as: individuals of one generation to the next
because of variance armong individuals in repro-
Frs = X [x1+("RSIX) 1; ductive success. "GT was defined as the ratio
of effective size to census size that corrected
where x is the mean nunber of fledglings per for the fact that generations are not discrete >~
pair, and YRS is its variance. For the spot t ed and that prereproductive ows are included in
oM, xis 0.67, '‘RSis 0.87, and RS is 0.69. estimates of density. Consequently, the overall
ratio of genetical effective population size to
F. Kurtosis of dispersal.--An additional assunp- census nunber for spotted ows nust be the a
tion that requires attention in the computation product of Fgg and Fgr, or 0.48. Thi s =
of effective dene size is that of a normal inplies that to have an effective popul ation
distribution of juvenile dispersal distances. In size of any particular nunber of spotted ows,
fact, as Batenan (1951) points out, dispersal it is necessary to have a census hunber of
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Table 4--Estimates of several

species of ows

density for

Speci es p (knm? Reference

Tyto alba 0.08 Sharrock (1976)

Qus asio 0.30 Crai ghead and Crai ghead
(1969)

Bubo bubo 0.01 O'sson (1979)

Crai ghead and Crai ghead
(1969)
Sharrock (1976)

B. virginianus 0.15

Strix aluco 0. 40

adults 1/0.48, or 2.10, times as large. For
exanple, an effective population of 500 ows
woul d require a census nunber of 1,042 ow s.

The fact that the effective size of popul ations
is usually substantially |ess than the census
si ze has now becone widely recognized by genet-
icists and wildlife managers [Frankel and Soul e
1981). Thus, the result reported above shoul d
not be particularly surprising. Two additional
factors with potential effects on this same
rati o have not been considered here, but should
be kept in mnd. First, we have inplicitly
assuned a 1.1 sex ratio for breeders. If the sex
ratio differs fromthis, then effective size
wi |l decrease further. Second, we have assuned
that the ow popul ations are nunerically con-
stant and do not fluctuate. If they do fluctu-
ate, about some nean, then the overall N.toO
Nc ratio will again be reduced and will be
bi ased toward the minimum size (for exanple,
Crow and Kimura 1970, p. 109-110).

H Genetic structure and inbreeding.--Inbreeding
is a conplex, hierarchical topic. The general,
underlying concept concerns the correlation of
individual alleles wthin individuals. That is,
in diploid organisns, such as birds, each
i ndividual has two copies of each gene. If nore
than a single allele segregates at a locus in
the species, then the probability that the two
genes in an individual will be identical can be
conputed, for a randomy mating population,
based on the frequencies of the alleles. If
there are departures from random mating, how
ever, then the probability of the two copies of
the gene being identical may increase and the
individual is said to be inbred; that is, there
is a positive correlation of identity of the two
copies of a gene wthin an individual. The
departures fromrandom nati ng may be of two

types. First, there may be an increased |ikeli-
hood of close relatives mating: this is the
notion of inbreeding in comon wusage. It is
sonetimes identified by the symbol  Fis-
Second, if the entire population of the species

is not panmictic, but rather is organized into
isolated colonies or even nore or less con-
tinuously distributed neighborhoods  (demes),
then the copies of the same gene in an indi-
vidual wll be correlated nerely due to the
geographi ¢ structure of the popul ation inhib-

79

iting the thorough mxing of genotypes in each
generation. Here we refer to the magnitude of
this effect by the synbol F;.

Qur  conputations  suggest that the genetic
structure of spotted ow populations in the
Pacific Northwest is characterized by neigh-
bor hoods of approximate effective size of 220
i ndi vi dual s. These denmes are not discrete
entities, but  continuously grade into each
other; they each occupy a geographical area of
diameter 4 soFK, O approximately 120 km.
Thus, in the range of the subspecies S o.
caurina in \Mshington, COegon, and California,
there are probably on the order of 10 denes.
This is a very rough approxi mati on based on
geographi cal distance and area. It is consistent
with a current total census popul ation of about
5,000, and a total effective size, summed over
demes, of about 2,500. These estimates are
probably correct to within a factor of two or
so, and wll be sufficient for illustrative
cal cul ations.

Wight (1969, p. 299-303: see also Rockwell and
Barrowclough in press) provides a nmethod for
estimating levels of correlation of genes wthin
demes (Fs; inbreeding) that are isolated by
distance, relative to the total population. For
a series of 10 denes each of size 220, F is
estimated to be about 0.007.

DEMOGRAPHY AND GENETICS OF SELECTED SPECIES OF
OnLS

e examned literature on life history, ecology,
and behavi or of birds to obtain conparative
results for other species of ows. This survey
was nade partly to ascertain whether our esti-
mates of spotted ow paraneters were reasonable,
but also to explore the denmpgraphy and genetics
of a nunber of species of an avian order and
meke the results available to ornithol ogists and
popul ati on ecol ogi sts.

W found sufficient data to conpute estimtes of
life tables and effective deme sizes for five
additional species of ows: bTLt(kJ) al bg, o uUs
asio, Bubo virginianus B. uboand -Strix
Aluco. O necessity, ata from nore than one
study had to be combined in the analysis of some
of these species. \Were possible, data used for
a species were all from the same geographic
region. Data for Tyto alba, the barn ow, are
from England, except for fecundity and survi-
vorship values which conme from studies in the
United States. Data for Qtus asio, the eastern

screech-ow , come from northern ©Chio and
southern Mchigan. Data for Bubo bubo, the Od
Wrld eagle ow, derive from studies in
southeastern Sweden, and Cermany and adjacent
northern Austria. Density figures for Bubo

virginianus, the great horned ow, conme from
southern Mchigan; the data for productivity,
dispersal, and survivorship are from birds

breeding in Saskatchewan. Al data for Strix
aluco, the tawny ow, are from near xford,




Table 5--Distribution of dispersal distances for selected species of ows

Speci es Di stance and nunber dispersing %/ Ref erence

Tyto al ba X 5 30 75 150 250 Bunn and others (1982)
f(x) 98 68 9 8 1

Qus asio X 8 24 40 56 105 185 233 298 Van Canmp and Henny (1975)
f(x) 25 21 3 2 1 1 1 1

Bubobubo X 25 50 75 O sson (1979)
f(x) 8 5 3

B. virginianus «x 5 26 81 185 315 710 908 1062 Houston (1978)
f(x) 18 17 23 11 3 4 3 2

Strix aluco X 0.7 15 35 7.2 2 Sout hern (1970)
f(x) 3 1 2 1 2

1/ f(x) is the nunber of individuals banded as nestlings and recovered, when ol d enough to
nestsite.

breed or hold a territory,

Tabl e 6--Mean and variance of

x kilometers from their

reproductive success anong pairs in selected species of ows

Nurmber of young fledged per

pai r

Speci es 0 1 2 3 1 5 5 X ‘RS Ref erence

Tyto al ba 31 11 18 22 22 10 1 2.23 3.02 Bunn and others (1982)

Bubobubo 22 10 8 7 0 0 0 1.00 1.26 Frey (1973)

B. virginianus 82 78 121 84 6 0 0 1.61 1.23 Henny (1972)

Strix alucol/ 8 3 2 3 1 0 0 1.18 1.90 Sout hern (1970)

1/ Data from 1947 study year.
Engl and, except the density figures, which are Southern's study (1970). The estimate of b, in
an average over all of England, Scotland, and table 7 represents an average for the tawny owl
Wl es. over 13 study years. To conpute year-to-year

) ) survivorship, we conputed ratios of returns of

Data for density, _dl spersal, and reproduction banded birds from consecutive years. Juveniles
are listed, with their sources, in tables 4, 5, were treated as a separate class. In cases for
and 6. Tabul ated values were nostly taken di- which adequate returns were available, first

rectly from the literature, but in some cases
estimates of requisite paraneters were not
avai l able and were calcul ated using published
i nformati on. s, Yrs, and factors FK and
FRg Were conputed as for the spotted ow.
Dispersal distances in table 5 are not uniform
across species because of the way that data are
reported in the original literature. The val ues
shown are the nidpoints of the reported inter-
vals. Data for among-pair variation in nunber of
fl edglings produced by Qtus asio were |acking,
so the nmean of the other five Vg estimates
was used for that species.

Estimates of life tables for the five species of
ows are shown in table 7. Al are arbitrarily
truncated at 10 years. The estimtes of fecun-
dity are based on data in table 6 except for
Ous asio and Strix aluco; a 1:l sex ratio is
assuned and b, is given as female offspring
per female. For Qtus, the conplete life table is
that conputed by Ricklefs (1983). For Strix, the
data in table 6 are for a single year, 1947, of
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year birds were also treated separately. These
life tables are all rough approxi mations, but
are adequate for the calcul ation of FGT, which
was their intended purpose.

Table 8 contains estinates of effective dene
sizes and several other paranmeters relevant to
the genetics of natural populations. The esti-
mates were conputed as described above for the
spotted ow. There is substantial variation of
the estimates of N, anong species. The prin-
cipal factors contributing to the variation
appear to be dispersal distances, density, and
the factor reflecting variance in reproductive
success ampbng pairs (Fg). The results for the
great horned ow indicate an exceptionally |arge
value of N,; this reflects the estimate of
di spersal that is an order of magnitude greater
than those for the other species. The sanple
sizes in Houston's (1978) study were not snall;
however, the result is influenced by a few very
long distance dispersers. Thus, the estimate is
probably a bit on the high side. For exanple, if
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Table 7--Life tables for

sel ected species of ows

Age (x)
Speci es 0 1 2 3 4 5 6- 10 Ref erence
TYto alba s 1/ 0.35 0.57 0.63 0.63 0.63 0.63 0.63 Stewart (1952)
by g/_ 0.00 1.12 112 1.12 1.12 1.12 1.12 Bunn and others
(1982), Henny (1969)
Qus asio Sx 0.31 0.59 0.63 0.67 0.75 0.75 0.75 Ri cklefs (1983)
by 0.00 1.04 1.30 1.30 1.30 1.30 1.30 Ri cklefs (1983)
Bubobubq Sx 0.44 0.67 0.67 0.67 0.67 0.67 0.67 Rockenbauch (1978)
bx 0.00 0.00 0.50 0.50 0.50 0.50 0.50 Frey (1973)
B. virginianus, Sy 0.42 0.56 0.67 0.67 0.67 0.67 0.67 Houston (1978)
by 0.00 0.00 0.80 0.80 0.80 0.80 0.80 Henny (1972)
Strix_aluco Sx 0.47 0.79 0.8 0.82 0.8 0.82 0.82 Sout hern (1970)
by 0.00 0.35 0.35 0.35 0.35 0.35 0.35 Southern (1978)
;L Year-to-year probability of survival.
g[ Femal e offspring per female per year.
di spersal and density covary (that is, if dis- EFFECTS OF THE SPOTTED Om. MANAGEMENT PLAN
persal distances are greater for ows that trav-

el through unsuitable habitat), then the esti-
mate of N, would be exaggerated because, for
this species, our estimate of density is for an
area of farns and eastern deci duous woodl and
(that is, generally good habitat).

An inportant point evident in table 8 is that
the results for the spotted ow do not stand out
or otherwi se seem unreasonable conpared with the
other five species. Additionally, with the ex-
ception of Bubo virginianus, the values of N
for these ows, including S. occidentalis , fall
in the sane range as the values conputed for an
assortnment of passerine birds by Barrowclough
(1980). As pointed out by Barrowlough and
Shields (1984), such values are also in general
agreenent with the results of karyol ogical and
el ectrophoretic anal yses.

A final comment concerns the influence of kur-
tosis of the dispersal distribution and the
pair-to-pair variance in reproductive success on
the calcul ation of deme size. Neither of these
factors have previously been conputed for an-
alyses of N, for birds. Shields (1981), for

exanple, suggests that correcting for kurtosis
of the dispersal distribution might result in a
significant reduction in the estimate of N.

This seems not to be the case for these ow
species: the size of the effect varies fromO to
at nost 25 percent. The reproductive variance
factor (Fgg) is of greater inportance, ranging
fromabout 0.6 to 1.2. No generalization seens
possible concerning this effect: its influence
may be to decrease, increase, or |eave unchanged
an estimate of N, derived in the absence of
data requisite for estimating the factor.
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A major effect of nmanaging’ National Forest |and
in the Pacific Northwest for tinber harvesting
is a reduction of suitable foraging and nesting
habitat for the spotted ow. The object of the
spotted oW nmanagenment plans devel oped by the
USDA Forest Service is to preserve a gridwork of
suitable habitat patches for the ows (SOMAS) in
the National Forests of California, Oregon, and
Washington. Al though the precise details of the
overall SOWP are not clear, it appears that
about 800 to 1,000 SOVAs will be set aside for
pairs of spotted ows in the 3-State area. Un-
fortunately, a conplete estimate of the effects
a SOW will have on the genetics of spotted ows
woul d require a nodel of the popul ation dynanics
of the ow/habitat patch interaction under the

plan. Because such a nodel is not available, we
must |imt our analysis to the genetical effects
of the SOWP under unrealistic "best case" condi-

tions, and can only outline an approach to the
anal ysis of actual future conditions.

Best Case. The best case, from a genetical
point of view, would be a condition in which all

the SOVAs were used by breeding pairs; that is,
if occupancy were 100 percent. In reality, of
course, this is not possible as a long-term

equilibrium situation because individual ows
will eventually die and, depending on the nature
of age-structure and patterns of dispersal
through patchy habitat, it will take a finite
time for any patch to becone reoccupied by a
breeding pair. Nevertheless, if the best case of
100 percent occupancy were realized, then there
woul d be about 850 pairs of ows spread over the
Pacific Northwest.




Tabl e 8--Estinmates of population genetics parameter& for selected species

of ows
Speci es s r, Nc K RS Fep N,
(kmp  (km?)

Tyto alba 31.14 0.08 974.85 0.93 0.86 0.87 678.33
Otus asio 44.03 0.30 7308.50 0.90 0.842/ 0.78 4309.68
Bubobubg 32.78 0.01 135.03 0.75 0.79 1.30 104.01
g. virginianus 216.35 0.15  88229.72 0.96 1.17 0.67  66396.75
Strix aluco 6.99 0.40 245.60 1.00 0.66 0.72 116.71
S.occidentalis 33.56 0.04 566.13 0.81 0.69 0.69 218.23
1/ Root-mean-square dispersal distance (s), density (p), census number per

nei ghborhood (N,

correction factors for kurtosis (Fy, variance in

reproductive success ("RS), and generation tinme ("GT), and effective

popul ati on nunber per nei ghborhood (

g’— Mean for other 5 species (data for

At present, the data from California and Oregon

suggest that the density of ows in the Coast
Ranges and the Cascade Range is of the order of
0.03 to 0.04 ows per knf. This is an average
density over prime, fair, and unusable habitat.
A nmanagenent plan with approxi mately 500 SOVAs
in Oregon plus Washington and about 400 in
California would translate into 1,800 adults in
approxi mately 110, 000 knf of equi val ent area.
Thus, the overall density of the birds would
fall to 0.016 ows per knf. |If life history
traits of the birds were unaltered by the patchy
habitat, then effective size would decrease cor-
respondi ngly fromthe current val ue of about
220. In particular, we can estimte that N,
per local dene, would be reduced to:

4 p (0.016, (33.56)°0.81(0.69)0.69 = 87.33.

Inbreeding at two levels nmust be considered in
deternining the effects the best case scenario
of the managenent plan would have on the genetic
structure of the spotted ow. First, the effects
on the rate of loss of variation and increase of
i nbreedi ng over the entire range nust be found

and, second, the change in local inbreeding,
F,, caused by reduction in the effective size
of "l ocal nei ghborhoods nust be conputed. Wth

regard to the first problem there is a question
of whether the entire population can be consid-
ered panmictic for purposes of calculating the
rate of increase of inbreeding. Unfortunately,
that problem appears not to be well studied
theoretically for realistic nodels. For exanple,
the generalization that a series of populations
can be considered panmictic if they ‘exchange one
or nore individuals per generation is explicitly
based on an "island" nrodel of population struc-
ture: it does not apply to nore biologically
reasonabl e “stepping-stone" and "isolation-by-
di stance" nodels. Maruyama (1977) reports, how
ever, that for a two-dinensional, conti nuous
space nodel the entire population can be con-
sidered pannmictic if p s*>. For this case,
P> = 0.016(33.56)2 is of the order of 20,
so the roughly 10 denes each of effective size

N
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Otus asio not available).

85 can be considered a single panmctic popu-
lation of size 850 for conputation of |oss of

variability. Expected overall inbreeding will
therefore increase at a rate of 1/2N,, or
0.0006 per generation. (If the spotted ow
distribution is considered one- di nensi onal ,

essentially the sane result is obtained for the

"best case.")
In order to conpute how F,, will change with
the inplenentation of the managenent plan, we
conpute the expected value, again wusing the
procedure of Wight (1969), for a series of 10
denes each of size 85. For such a case, F; is
0.017. This, however, is not a per generation
increase of inbreeding of denes relative to the
entire population: it is the equilibriumlevel.
Wight (1969) indicated that the anount of tine
required to achieve this equilibriumis of the
order of magnitude of the total nunber of neigh-
borhoods in the popul ation. Consequently,. [ocal
correlation of genes within individuals is ex-
pected to rise fromthe current estimated |evel
of 0.007 to 0.016 over a period of about 10
generations.

Under the "best case" situation, the managenent
plan would result in an increase in |ocal
i nbreedi ng, relative to total variation, of
about 1 percent, and a slow |loss of overall
variability, at a rate probably of the same
order as replenishnent by nutation (Franklin
1980) .

A GENERAL METHCD FCOR ASSESSI NG
CENETI C EFFECTS OF A MANAGEMENT PLAN

The nethod outlined above should enable an in-
terested researcher to conpute the genetic ef-

fects of any particul ar managenent plan, given a
set of estimates of the key variables. The
particular calculations are for the unrealistic

case of 100 percent occupancy of the nmanagement
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sites. A nore realistic result could be obtained
if estimates of nean occupancy rate were avail -
able. An estimate of density based on the antic-
ipated nmean occupancy, if wused in the above
equations, would yield an average value for the
effective size of the managed popul ation; from
this, estimates of inbreeding could be obtained
easily. Such an exercise ought to be performed
before any managenent plan is inplemented.

A nore sophisticated but nore useful way of
realistically evaluating the genetic effects of
a managenent plan requires the devel opment of a
model of the popul ation dynam cs of the species
including, especially, a nodel of death and
recol oni zation of the habitat patches or SOMWAs.
Repeated sinulation of such a stochastic nodel
woul d yield predictions of the tine course of
effective deme size for the ow -habitat system
From this a probability distribution of inbreed-
ing rates coul d be obtained.

RECOMMVENDATI ONS

The statistics that have been recomended for
managenment purposes and di scussed by Frankel and
Soul é (1981)--total effective population sizes
of 50 individuals for short-term preservation,
500 for long-term and a maxi mum of 1 percent
i nbreedi ng per generation--nust be regarded as
only guidelines. The nobdels on which they are
based are quite sinplistic. Nevertheless, they
nust be taken as the nost reasonable m ninal
goal in the absence of nore specific analysis of
the needs of any given species with its own pop-
ul ation ecol ogy, age structure, and social and
mating system

Qur analysis of the "best case' scenario for the
managenent plan for spotted ows outlines a
method for evaluating the effects of any nanage-
ment plan, given estimtes of several inportant
parameters. Estimates of these are now criti-
cally needed, therefore we believe that it is
inperative to:

1. Devote research effort to investigating those
key aspects of the spotted ow 's biol ogy that
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are relevant to the devel opment of a nodel for
the dynanmics of the ow's popul ation.

2. Develop such a nodel and use it to investi-
gate both the long-term stability of the ow's
popul ati on under various SOWPs and the probable
genetic effects of the SOWP.

3. Proceed with extreme caution in tinber har-
vesting until the above results are obtained.

Qur particular recommendations in regard to the
first item are:

1. To study the effects of patch size and habi -
tat conposition on occupancy and fecundity.

2. To study intensively the dispersal of juve-
niles to get information on whether (and with
what probability) isolated patches of suitable
habitat are found.

the current

3. To estimate, by using surveys,

occupancy rates of isolated patches of good
habitat.

Additionally, nore data on fecundity, adult and
juvenile survivorship, and dispersal are needed

to confirm or nodify our prelimnary estinmates.
Finally, blood or tissue sanples should be taken
from 20 to 25 juveniles at a couple geographical
| ocations during routine banding or radio-tag-
ging activities for later electrophoresis. The
| aboratory results could be used to assess cur-
rent levels of inbreeding (Fs and F,) and
geni ¢ heterozygosity of the species.
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THE METAPOPULATION AND SPECIES CONSERVATI ON:
THE SPECI AL CASE OF THE NORTHERN SPOTTED OAL

Mark L. Shaffer

ABSTRACT:
probl em for
ulation structure wll

efforts.  The metapopul ation nodel
for solving this problem

The nodel
and illustrated with the current
ow (Strix occidentalis caurina)
and enpirical

net apopul ati on nodel in general

| NTRODUCTI ON

The equilibriumtheory of island bi ogeography
(MacArthur and WIson 1967) has had a significant

i npact on biogeography, population ecology, commu-
nity ecology and conservation. Currently, contro-
versy persists on the validity of the theory

(G lbert 1980, Sinberloff 1983) and the applicabil-
ity of principles derived from the theory for the
design of nature reserves (Margules and others

1982, Sinberloff 1983). Irrespective of the out-
come of these controversies, the theory, and the
studies it has spawned, have led to three reali-
zations of fundamental and continuing inportance

to conservation:

1. Local extinctions and col onizations, in eco-
| ogical tine, may be common events.
2. Extinctions and col oni zati ons may, in many

cases, be the products of stochastic events.

Mark L. Shaffer is a nongame staff specialist for
the Ofice of Mgratory Bird Managenent, U S. Fish
and Wldlife Service, Washington, D.C
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The conservation of patchily distributed species presents a conpl ex
| and-use planning and wildlife managenent.

A new paradi gm of pop-

be necessary to understand the extinction-persistence
dynanmi cs of such species both for site-specific and regional
provi des a begi nning concept ual

conservation
f ranmewor k

is reviewed in light of the problem of avoiding stochastic extinctions -
probl em of conserving the northern spotted )
in the Pacific Northwest.
research needs are identified both for the applicability of the
and for the northern spotted ow

Maj or theoretical

in particular.

«

3. The sinple geonetric variables of habitat
area and interhabitat distance, through their
relationship with stochastic events, nay be

i mportant determnants of the rate of |ocal
extinctions and colonizations.

These realizations raise key issues that nust.

be addressed if certain conservation efforts

are to be successful. The inportance of these
realizations does not hinge on the validity of

any particular theory of the interplay of the
extinction and colonization processes. The

fact that equilibriumtheory renains inade-

quately validated as a general description of

nature sinply nmeans that the relationship of the
extinction and col oni zati on processes renains

uncl ear, particularly their relative frequencies

and subsequent bal ance for various scal es of

time, size, and population structure. In fact,

some of the studies necessary for conservationists
to deal effectively with the issues raised by

these realizations will help in further vali-- G
dating, refuting, or refining equilibrium theory. -

To date, nmost efforts to apply equilibriumtheory
to conservation have invol ved postulating prin-

ciples on the size, configuration, and dispersion
of nature reserves that will maximze the species
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richness they contain and minimze the |oss of
species over time (for a review, see Margules and
others 1982). An equally challenging problemis
that of assessing the probabilities of persistence
for species that are patchily distributed and
whose patchwork of habitat is undergoing alteration.
An exanpl e is an ol d-growt h-dependent species in a
National Forest where the natural successional
mosai ¢ is undergoing alteration due to both natural
di sturbance and resource management activities such
as tinber harvest. Here the question is how the
probabi lity-of species persistence on the forest
responds to various regines of patchwork alter-
ation (that is, reduction in either the nunber or
size of habitat patches and their increased
isolation, or both). Mnagers need to know how
many ol d-growth stands of what size and what dis-
tance from simlar neighbors nust be nmaintained to
assure the persistence of the species in the

forest to neet sonme acceptable management criterion
(for exanple, 95 percent probability of persis-
tence on the forest for one successional or
rotational cycle). The solution to this conplex
problem relies on various areas of biological and
ecol ogi cal know edge that are not yet fully

devel oped theoretically, enpirically, or exper-

imentally. These areas include stochastic pop-
ulation dynanics and the roles of tenporal and
spatial environnental heterogeneity, dispersal,

and-genetic diversity in population regulation and,

hence, persistence. The tone of this paper is,
therefore, necessarily speculative. M goal is
to establish a frame of reference, identify key
processes and variables, and point to potentially

fruitful approaches for further work in this
important area. My specific objectives are;

1. Reiterate the probabilistic conponent of
extinction and, hence, conservation.

2. Introduce conservationists to the concept of
the netapopul ation as a basic frame of reference
for conserving patchily distributed species.

3. Review a sinple nodel

4. CQutline the potential relationships of the
factors affecting metapopul ation extinction dynanics
to the spatial configuration of habitat.

5. Exanine the inplications of these relationships
for conservation of the northern spotte ow (Strix
occidentalis caurina) in terms of both managenent
options and research needs.

THE STOCHASTIC COVPONENT OF EXTI NCTI ON

Popul ations may go extinct
but alnost any factor can operate in two very
different ways. Systematic pressures, despite
tenporal or geographic variation, show a signifi-
cant trend over time that negatively inpacts the
popul ation. Long-termclimatic changes are one
exanple. In such a situation, the size of the
popul ation bears only on the length of time the
popul ati on persists, but extinction is a foregone
conclusion provided the trend does not change.
Stochastic perturbations show no significant
trends with time but still may force a popul ation

of metapopul ation dynam cs.

froma variety of factors,
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to extinction if sufficiently frequent or severe.
Drastic, intermittent variations in climte are
an exanple of this node of extinction. In this
case, the population's size and distribution may
be critical determnants of its persistence
through the tenporary period of unfavorable con-
ditions.

Once systematic pressures have been identified
and solutions instituted for a species in

jeopardy , the question of stocahstic pertur-
{Jations remains. One essential goal for effective
conservation is the mninization of extinctions

due to stochastic perturbations. The northern
spotted owl provides an exanple of the relation-
ship of these two nodes of extinction. The
species is currently of concern because of its
apparent dependence on ol d-growth coniferous
forests (Forsman and others 1984, Cutiérrez and
others 1983), a habitat which has steadily declined
over the years due principally to timber harvest.
Further habitat declines are anticipated due to
the high economic value of the tinber that pro-
vides suitable habitat. Deternining that habitat
preservation is critical to the species survival
is the answer to the systematic pressure threat-
ening this species. But deternining how nuch
habitat to preserve and how it is distributed
must address the species' viability in the face
of the stochastic perturbations to which it may
be subject. Land is a precious resource. So is
biotic diversity. Wen the conservation of a
species conflicts with alternative |and uses, the
first question to arise is what is the nininm

| and area necessary to achieve conservation.
Gven that localized extinctions are, in part,
the results of stochastic events, and the proba-
bility of such extinctions increases with time
and decreasing popul ation size, determining the
amount of land necessary to achieve the conser-
vation of a species nust address three key issues:

1. The types of stochastic perturbations to be
anti ci pat ed.

2. The time frame to use in conservation planning.

3.  The degree of security sought for the unit
bei ng conserved.

These issues are addressed for a single, isolated
popul ation in an earlier paper (Shaffer 1981).
The northern spotted ow represents a different
problem-a species distributed on a patchwork of

habitat. A new perspective on popul ation structure
is necessary to deal with the conservation of such
speci es.

THE METAPCPULATI ON

The Metapopul ation Concept

Mbst species are patchily distributed and can be
viewed as a population of populations (Levins 1970)
or a netapopul ation (WIson 1975). WIson (1975)
provi des a netaphorical description of the neta-
popul ation as ".. . .a nexus of patches, each patch
winking into life asa popul ati on colonizes it and
winking out again as extinction occurs. At equi-
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Figure 1.-—A hypothetical metapopulation at two different time
steps: (A) T=1; (B) T=2,

libriumthe rate of w nking and the nunber of
occupi ed sites are constant, despite the fact that
the pattern of occupancy is constantly shifting"
(fig. 1). For such a patchily distributed species,
gl obal extinction is equivalent to its extinction
on all patches. Effective conservation of such
speci es thus requires an understanding of the
processes of local extinction and col oni zation

and the factors affecting these processes.

Levi ns' Model

Levins (1970) provides an initial treatnent of
net apopul ation dynamcs (table 1). H's nodel
considers three parameters: the proportion of
pat ches occupi ed by popul ations at sone particul ar
time (N), the proportion receiving imigrants
(prospective colonizers) in an instant of tine
(M , and the proportion of patches whose popu-
lations are going extinct in an instant of time
(e). The nodel states that the Change in
occupancy of patches over time is a function of
the rates of inmgration and extinction.

Levin's nodel, although a general one, is over-
sinplified. It is fornulated in continuous tine.

It assumes either equal size patches or no relation-
ship between patch size, population size and extinc-
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tion probabilities. Nevertheless, the nodel pro-
vides a conceptual beginning for a nore detailed
consi deration of the determ nants of netapopu-

| ation persistence.

Tabl e 1--Levins (1970) nodel of metapopul ation
dynami cs

Let:

(t) = proportion of patches occupied by popu-
lations at tine

m = proportion of patches receiving mgrants in
an instant of time (whether occupied or not).

e = proportion of popul ations becom ng extinct in
an instant of tine.

Then:
dN/ dt =\, (| -NX)-eNX (1)
and, at equilibrium

N=l -e/ m (2)
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Levins' (1970) analysis of this model reveals
several important findings. First, for the meta-
population to persist, the proportion of patches
receiving immigrants (or the rate of immigration,
m) must exceed the rate of extinction (e). 1If the
equilibrium proportion of occupied patches (V) is
close to 1, a change in extinction rate has réla-
tively little effect on N . If N is small,
however, N 1is more sensitive to changes in
extinction rate. When extinction rate shows
random variation through time the immigration rate
musit exceed the extinction rate by more than the
variance of the extinction rate for the species
to persist (that is, m-¢ > ¢ 2). If the variation
in extinction rate is autocorrelated, the persis-
tence of the metapopulation is further reduced.

If the immigration rate (m) is large, then the
persistence of the metapopulation is very sensitive
to changes in m. Different species are likely to
have different distributions of immigration
probabilities (compare passive, wind-dispersed
seeds to actively dispersing birds). Levins (1970)
and MacArthur and Wilson (1967) argue that an
exponential decline of dispersing individuals with
distance is a reasonable qualitative description
for passive dispersing species. In this case, a
change that doubles the distance between patches
will ‘square the immigration rate and will have a
greater effect on the chances of persistence than
would doubling the extinction rate. Consequently,
increased patch separation, as this affects dis-
persal probabilities, may be the limiting factor
in determining metapopulation persistence for
passively dispersing species. Though based on a
simplistic model, this is an important finding

as, in Levins' words, it:

. . .forces us to change our notion of
suitable habitat. If there is always

a finite probability of extinction of

a local population even in the best of
circumstances, a region will be suitable
or unsuitable depending on the density
of appropriate sites and a species will
fail to survive even if its optimal
habitat is present.

Thus, habitat (patch) density may be as funda-—
mental to conservation as habitat quality- and
management actions that reduce habitat density
may lead to the regional extinction of a species
even if habitat of suitable quality remains. An
impprtant management corollary of this result is
that effective conservation of patchily distri-
buted species may require the preservation of
suitable but intermittently, perhaps currently,
unoccupied habitat.

The minimal objective of metapopulation conser-
vation is simply its continued existence; that is,
persistence in one or more patches (N > (). This
requires maintaining an immigration rate greater
than the extinction rate (m > ). This can be
achieved either by increasing the immigration rate
or decreasing the extinction rate. Aside from the
foregoing consideration of the effects of inter-
patch distance on immigration, Levins' model does
not explicitly incorporate the spatial dimension-
ality of the metapopulation in terms of patch
number or size and their effects on immigration
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or extinction rates. Yet, if population size
correlates with area, probability theory would
indicate that patch number is an important con-
sideration for both immigration and extinction
rates; and both probability theory and empirical
studies (Gilpin and Diamond 1981, Jones and
Diamond 1976, Simberloff-1976) indicate that patch
size should be an important determinant of
extinction rate. To go further requires incor-
poration of this spatial dimensiomality and an
examination of its effects on metapopulation per-
sistence. First, it is necessary to more clearly
define the specific objectives of metapopulation
conservation.

Metapopulation Structure and Conservation Objectives

From a conservation standpoint, the interest is in
estimating certain probabilities of the extinction—
persistence of the metapopulation or parts thereof.
These probabilities may be defined as shown in
table 2 for a metapopulation starting from satu-
ration (that is, all patches occupied).

Table 2--Definitions and relationships of meta-
population probabilities

Let:

e, = probability of extinction on patch Z;

pi = probability of persistence on patch %

E .= probability of extinction everywhere (that

is, all patches);

P probability of persistence everywhere;

e, = probability of extinction somewhere (that
is, > 1 patch);

px = probability of persistence somewhere.

Then:

e, = I-p.
- 7T

p, =1 e;

E = ¥ e,
i=1"

P= ¥ P
. A
1=1

If the metapopulation under consideration is a
closed system (that is, it is not connected to or
embedded in another metapopulation) and patches
are fixed, permanent, and independent with regard
to stochastic events, then these extinction-
persistence probabilities may be calculated as
shown in table 2. For conservation purposes
interest is most likely to be in determining the




probabilities of (1) extinction in certain patches
(e.), (2) over all patches (E), or (3) of persis-
tefice of the species somewhere within the patch-
work (pm, x >1).

Clearly, once the site-specific extinction
probabilities (e.'s) are estimated all other
probabilities can be calculated. Equally clear

is that we generally do not know, nor can we
expect to estimate, site-specific extinction
probabilities over a short time with much meaning
for long-term planning (but sée Gilpin and Diamond
1981). Moreover, estimating site-specific extinc-
tion probabilities for an existing metapopulation
configuration does not necessarily allow prediction
of the e. schedule that will pertain to a new
metapopulation configuration, because this value
is, in part, a function of the configuration in
which it is estimated. Even on a qualitative
basis these relationships raise an important
management issue: the specific objective of
metapopulation conservation. Is the objective to
assure the persistence of the species:

1. . On a particular patch or set of patches
(minimize e, and/or 2y, etc.)?

2. On all patches (minimize ei’s and F)?

3. 'On at least one or some preselected percentage
unspecified patches (maximize Py @ > 1)?

In the absence of an answer to this question, no
definition of a minimum patchwork can be offered.
The answer chosen may make a difference in which
land-use pattern(s) will be acceptable.

In the remainder of this paper, the focus will be
on minimization of site-specific (e.) and overall
(E) extinction probabilities as the conservation
objective probabilitigs. This is an arbitrary
choice. Because F =;I, e. anything reducing site=
specific extinction p?oba%ilities will automatically
reduce overall extinction probabilities, but the
chances of overall extinction may be reduced simply
by increasing patch number (N). Though considering
both site-specific and overall extinction proba-
bilities may introduce a certain redundancy, the
factors affecting these probabilities can operate

at different levels of metapopulation structure.

The discussion will be more comprehensive if both
types of probabilities are included. It should

also be useful to contrast site-specific conser-
vation versus patchwork conservation.

It should be noted that because p_=I-F, minimizing
the overall extinction probability automatically
maximizes the probability of persistence somewhere,
which will usually be the real objective of meta-
population conservation.

METAPOPULATION CONFIGURATION AND STOCHASTIC
EXTINCTION DYNAMICS

There are four categories of stochastic pertur~
bations that may be factors in the extinction of
a population (Shaffer 1981):
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1. Demographic stochasticity caused by chance
events in the survival and reproduction of a finite
number of individuals.

2. Environmental stochasticity resulting from
temporal variation of habitat and niche parameters ¥
such as weather, food.supply, predators, etc.

3. Natural catastrophes such as floods, fires,
hurricanes, etc.

4. Genetic stochasticity, or changes in gene
frequencies with negative effects on demographic
parameters resulting from founder effect, random
fixation, or inbreeding.

It is reasonable to reduce this organization to
three categories by recognizing natural catas-—
trophes as merely an extreme form of environmental
stochasticity. One important distinction within
this new composite categorization. is that of
stochastic events that are contagious by nature
(for example, epizootiecs). It is anticipated
that such events may have spatial dynamics that
differ from noncontagious events such as floods,
drought, etc. Ruediger (1985) presents examples
of these phenomena relevant to the northern
spotted owl.

All these categories of stochastic perturbations
increase in impertance with decreasing population
size, Moreover, they are likely to interact, as
for example an environmental perturbation that
reduces population size over time to the point
where inbreeding depression may become a factor
by negatively impacting the demeographic parameters
of survival and fecundity. Though increased
attention has recently been focused on the
importance of genetic stochasticity (Frankel and
Soulé 1981, Schoenwald-Cox, and others 1983, Soulé
and Wilcox 1980), there is still no theoretical

or empirical guidance on which category of
stochastic perturbation sets the lower limit to
population viability. This may well vary from

one type of population to another (for example,
density-independent populations with nonoverlapping
generations vs. density-dependent populations with
age structure).

o

To better understand how the geometric distribution
of habitat may affect metapopulation extinction
dynamics, it is necessary to consider how changes
in the metapopulation configuration variables

(that is, patch number, size, and isolation) may
affect the objective probabilities (e,, E) caused
by the various categories of stochastic pertur-
bations (demographic, environmental, genetic).
Because habitat management chiefly controls the
metapopulation configuration variables, this
discussion is organized with each variable con-
sidered separately. The discussion is condensed

in table 3 where, for a particular.change in

each configuration variable, the expected change

in site-specific and overall extinction probabi-
lities caused by various stochastic perturbations,
acting through various conditioms, is given.

This dicussion assumes a strong, positive corre- =
lation between habitat area and population size.




Table 3—-Expected changes in site-specific (e.) and overall (E) extinction probabilities with changes in
metapopulation configuration variables caused by various types of stochastic perturbations.

Metapopulation
configuration Objective
variable Change  probability Change Caused by Acting through
Patch # . 4 e. 4 demographic "stochasticity sources of immigrants
v ¥ noncontagious stochastic events sources of immigrants
+¥ contagious stochastic events sites for initiation,
sources of immigrants
+ genetic stochasticity sources of immigrants
E ¥ demographic stochasticity number of realizations,
sources of immigrants
¥ noncontagious stochastic events - envirommental correlatiom,
sources of immigrants
+4 contagious stochastic events - gites for initiationm,
sources of immigrants
¥ genetic stochasticity number of realizations,
sources of immigrants
Patch Size 4+ e; ++ demographic stochasticity
¥ noncontatious stochastic events
¥ contagious stochastic events
++ genetic stochasticity inherent resilience,
number of immigrants
E ¥ demographic stochasticity
¥ noncontagious stochastic events
++ contagious stochastic events
++ genetic stochasticity
Isolation + e, 4 demographic stochasticity distance for immigrants
v 4 noncontagious stochastic events distance for immigrants
++ contagious stochastic events distance for infectives,
) distance for immigrants
+ genetic stochasticity distance. for immigrants
E 4 demographic stochasticity distance for immigrants
4 noncontagious stochastic events distance for immigrants,
environmental correlation
+4 contagious stochastic events distance for infectives,
distance for immigrants
4 genetic stochasticity distance for immigrants

Further, the entire discussion is intuitive and is
based on common sense expectations. Unless other-
wise stated, all cause-effect statements come with
the caveat of, "all else being equal." This is
not intended as a comprehensive, exhaustive dis-
cussion, but rather as an indication of the major
relationships and potential complexity of the
interplay between various stochastic perturbations
and metapopulation configurations.

Patch Number

Increasing the number of patches should decrease
both site-specific (ei) and overall (E) extinction
probabilities for two reasons. First, e¢. should
be reduced because more patches constitu%e more
sources of immigrants that may bolster a patch
population temporarily failing because of demo-
graphic, environmental, or genetic stochasticity.
This is the so-called "rescue effect" (Brown and
Kodric-Brown 1977). This phenomenon deserves

much more theorectical and empirical attention.
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Second, because the overall extinction probability
is equal to the product of al] site~specific
extinction probabilities (F=.7, e¢.; if e.'s are
independent), the chances of overall extimction
can be reduced simply by adding to patch number
even if the site-specific extinction probabilities
remain unchanged. The larger site-specific
extinction probabilities are, however, the more
patches must be added to achieve a certain
specified overall extinction probability. For
example, if e =€ =€ s etc., and the objective is
to achieve F %_0.10, then for e.=0.5, N must

be > 4. 1If e,=0.9, however, N must be > 22 to
achieve the s%ecified level of E. The key point
here is the extent to which patches are indepen-
dent with respect to the stochastic perturbations
affecting populations. The greater this indepen-
dence, the greater the benefit of adding additiomal
patches. If patches are not independent with
regard to environmental or genetic stochasticity,
then adding additiomal patches is equivalent to
simply adding the individuals they -eentain to an
aggregate population size. That is, the meta-




popul ati on behaves as one unsubdivided popul ation.
This pattern is potentially very conplex as the

degree of correlation between patches may well vary
from one type of environnental perturbation to

anot her.

The one potential negative aspect of increasing

patch nunmber concerns contagious stochastic events.

For exanple, consider forest fires as a form of
contagi ous environnental stochasticity. The nore
patches there are, the more likely at |east one

will be affected by a forest fire during any
particular time period (if patch nunber adds area)
The larger the nunmber of sites for initiation of a
contagi ous disturbance, the nore likely that any
particular patch may be disturbed given that the
degree of isolation-does not change. How inportant
a consideration this may be is, of course, unknown
and is likely to be quite variable for species

and from one habitat to another.

Patch Size

Because all forms of stochastic perturbations
decrease in inportance with increasing popul ation-
size, increasing patch size should significantly
reduce both site-specific and overall extinction
probabilities. An inportant question is the form
of the functional relationship between popul ation
size and e.. Several theoretical nodels (MacArthur
and W/l son' 1967, Richter-Dyn and Goel 1972, Wi ght
and Hubbel | 1983) have denonstrated that, considering
denographi ¢ stochasticity alone, the expected tine
to extinctionin relation to popul ation size for
an isol ated popul ation takes the general form of
an exponentially increasing function (fig. 2a).
That is, starting froma popul ation of one, the
expected time to extinction increases so rapidly
with an increase in popul ation size (here expressed
as K) that, in the case of Richter-Dyn and Coel's
nodel, by the time K=20 (individuals) the popul ation
is essentially imortal with respect to any tine
period of potential interest to nmanagers. This
relationship is very sensitive to changes in r,
the intrinsic rate of increase. Extreme caution
should be used in interpreting the results of these
nodel s because they do not incorporate the effects
of age-structure or environnental or genetic
stochasticity. Shaffer and Sanson (in press) show
that incorporating age structure and environnental
stochasticity drastically reduces the predicted
popul ation viability obtained. from Richter-Dyn and
Goel's nodel. More inportantly, it nust be
remenbered that the expectation of extinction even
in a viable environment approaches one as tine
approaches infinity. Larger popul ation size nerely
makes this approach nore gradual (fig. 2b). Further,
i ncorporating genetic stochasticity would likely
have an equally significant effect, at least to
some species. Thus, the whole class of nodels
dealing with only denographic stochasticity becomes
suspect for application to real world problens.

From a genetic standpoint, Franklin (1980) has

argued that a mnimmeffective (in the genetic

sense) population of at least 50 breeding adults
is necessary to avoid the short-term del eterious
consequences of inbreeding and that an effective
popul ation size of 500 may be necessary for |ong-
term genetic adaptability. This argument suffers
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The functional form of the expected time to extinction
caused by demographic stochasticity for a population of
size X (7,) as a function of population size (X). This
relationsﬁip is shown for three different intrinsic rates
of increase (r) (adopted from MacArthur and Wilson 1967).

Figure 2: (A)

Wl

(B) Hypothetical functional form of the expectation of extine-

tion (£(e¢)) caused by environmental stochasticity for a
population size X as a function of time (7). This relation-
ship is shown for three different population sizes (X=10,
100, 1,000).

many of the shortcom ngs found in the denographic
model s cited above. It does not include the effect
of age-structure or environmental stochasticity.
In fact, there do not seem to be any conprehensive
theoretical nodels that integrate the various
categories of stochastic perturbations. This is a
crucial need for managerment and may prove an en-
|ightening exercise for basic ecological theory.

Different species are likely to show different
sensitivities to the various types of pertur-
bations. For exanple, Karr (1982) presents evidence
that, amongst forest birds in tropical undergrowh,
the variability in population size is a better
predictor of extinction than population size itself.
Karr interprets the coefficient of variation (CV)

in population size as a first approximtion of
environnental variability. This result applies

only to a subset of species sufficiently abundant

to be considered inmune to extinction from deno-
graphic stochasticity alone. This would seemto

i ndi cate that denpgraphic stochasticity sets the
lower limt on species survival but that environ- &
nental stochasticity is the most inportant factor

above this lower linit.
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Ehrlich (1983), based on his work with Bay checker-
spot butterfly populations (Euphydryas editha
bayensis), believes nost |ocal extinctions in this
species are the result of catastropic weather events
and the effects on host food plants rather than
“normal " variation in weather patterns.

Rails and Ballou (1983) present evidence that, for
zoo populations of mamals, inbreeding depression
has had a significant deleterious effect on
denographic viability and suggest simlar effects
may occur in wld populations that become nuch
reduced.

This is by no neans a conprehensive review, but

work with three different major taxononic groups
(birds, butterflies, mammals) has yielded three
different indications of- which type of stochastic

perturbation may be mpst inportant in determning
popul ation viability. This area is rife with

potential for theoretical, enpirical, and experi-
mental wor k.
Patch Isolation

The distance between patches is inportant because

of its potential effects on the probability-of
interpatch movenents and, thus, the operation of

the rescue effect, the frequency of recolonizations,
and the rate of immigration in maintaining a species'
genetic variability, and the avoidance of inbreeding.
Reduced isolation is a two-edged sword because,
though it may produce the benefits mentioned above,
it may also entail a high degree of inter-patch
correlation with regard to noncontagi ous environ-
mental stochasticity and the facilitation- of the
spread of contagious environmental events. The
relative inportance of this mxed blessing is, of
course, unknown and, again, likely variable.

Several efforts at modelling the inportance of
dispersal to population regulation and persistence
(Roff 1974a, 1974b, 1975; Vance 1984) have produced
some interesting results. Roff (1974a) denonstrates
that, for populations with a stochastic exponential
growh rate, increasing environmental stochasticity
greatly reduces the probability of population per-
sistence. If such a population is subdivided and
there is movenment of individuals between patches,
persistence of this metapopulation configuration
may be increased several orders of magnitude over
the original undivided configuration.

Vance (1984), examning a nunber of population nodels,
shows that, for a wide variety of dispersal patterns,
dispersal tends to stabilize population fluctuations.
In some circunstances, however, dispersal does not
increase population stability. He further argues
that the details of patch location do not alter

the qualitative stabilizing effect of dispersal.

But the scenario of his spatial argument (that is,
equi spaced patches all connected or all isolated)

is too sinplistic to be of interest for application.

The value of Roff's nodels,
i nportant heuristic val ue,
consideration only of exponential growh. Vance's
results are nuch nore robust but suffer from an

i nadequate consideration of spatial effects.

~ beyond their obviously
IS linmted by their
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Moreover, neither model incorporates the negative
and potentially destabilizing aspects of dispersal,
namely the effects of contagious stochastic events.
As with the relationship of population size and
extinction, assessing the effects of metapopulation
configuration on persistence awaits the devel op-
ment of conprehensive, realistic nodels charac-
terizing various life-history types.

The Trade-offs of Size, Nunber, and Distance

An exam nation of table 3 and the foregoing dis-
cussion summarize an intuitive expectation that
many, |arge patches, which are close together,
will usually ninimze site-specific and overall
extinction probabilities. Any conservation effort
will necessarily be limted to some fixed anmount
of habitat and the question immediately arises of
how best to distribute the habitat available.

If total habitat area is fixed then an increase in
average patch size must correspond to a decrease
in patch nunber. If the regional boundaries of
the netapopulation are fixed then an increase in
patch nunber may correspond to a decrease in patch
isolation. If area and regional boundaries are
fixed then an increase in patch size nust corre-
spond to a decrease in patch nunber and may entail
an increase in isolation.

A smal |l number of patches nmay be conpensated for
by large size and reduced isolation. Small patch
size may be conpensated for by increased patch
nunber and decreased isolation. Increased iso-
lation may be nitigated by increased patch nunber
and increased patch size. Wich strategy, or what
mx of strategies, to use in any particular
circunstance will depend on the particulars of that
situation and the functional form of the relation-
ships between the objective probabilities and

net apopul ati on configuration variables, Wthout
conprehensive nodels of the relationship of pop-
ulation size and configuration to extinction
probabilities under the effects of all sources of
stochastic perturbations, rational decisions on
acceptabl e netapopul ation configurations wll not
be possible. Even wthout such nodels, however,
some prelimnary guidance nmay be obtained from
table 3. First, whether the objective is to
mnimze site-specific or overall extinction, in-
creasing patch size should uniformy reduce the
chances of extinction to all sources of stochastic
perturbations. Neither patch nunber nor isolation
is expected to have such an unanbi guous effect on
site-specific or overall extinction. This agrees
with the results of Roff's (1974b) theoretical
simulation nodels.

Second, additional patches should reduce both e's
and E but should have a nmore dramatic effect on
the latter, contingent upon the degree of inde-
pendence of the patches with regard to stochastic
environnental perturbations. The hazards of
increased patch nunber enhancing the probability
of extinction caused by contagious stochastic
events is unknown but probably mnor.

Third, because isolation will often correlate
inversely with the environmental independence of




patches but correlates directly with the ease of
transm ssion of contagious stochastic events

of isolationi s not an unanbi guous bl essing. A
better know edge of the preval ence and inportance
of the rescue effect and recol onizations relative
to these potential disadvantages is necessary to
better assess isolation's likely inportance for
mnimzing site-specific and overall extinction

If the benefits of proximty outweigh the risks
then there is likely some tradeoff of distance
with size, such that one configuration (A) of a
certain patch size (x) and interpatch distance (y)
behaves (that is, has the sane persistence/extinction
schedul es) as another configuration (A') of smaller
patches (x') closer together (y') (fig. 3).

Determi ning the existence and formof such a trade-
of f shoul d be of great inportance in maxim zing
management options for |and-use planning.
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Figure 3.--The tradeoff of size and distance x' = x/2 y' =y/2 (not to
scale). If there is a linear relstionship of the effects of size
and distance on extinction probabilities, site-specific and over-
all extinction probabilities should be equal in these two config-
urations.

What all of this means is-that extinction/persistence
probabilities are the result of the interplay of
nunerous forces, sone opposing, that are determ ned
at least in part, by the configuration of the
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habitat patchwork. Thus, there is likely no sinple
prescription for patchwork configuration that wll

uni versal |y maxinm ze persistence or mninize extinc-
tion probabilities. It also neans that-the objec-
tive of netapopul ation conservation nust be explicit
because the effects of various alterations may have
differing effects on differing extinction/persistence
probabilities. In other words, what's best to
reduce the overall extinction probability (E)
not be best to reduce site-specific extinction
probability (e). For exanple, to mninize e for
a given i, may require one very large patch, but
mnimzing E my require numerous, smaller patches
of internediate isolation.

may

S

A crucial corollary of the tradeoff of size and

di stance, involves the tw n dangers of metapop-
ulation restriction and diffusion (fig. 4). In
nmost scenarios conservationists will have to
accept less than all of the remaining habitat for
a species of concern. One goal of conservation

is to maintain the representative distribution of
a species. Yet specialized managerment can be ad-
mnistratively burdensome. The dilema may then
be one of choosing a dispersion-pattern either to
maxi m ze the species' geographical representation
or to ninimze the adninistrative burden. These
may be opposing goals. Mninizing adninistrative
burdens may require dedicating a nunber of patches
cl ose together and not having to deal with the
species elsewhere. Geographic representation may
require that patches be widely dispersed. The
closer patches are, the nore likely they are to
behave as one. Thus, the potential to |lose the
speci es increases due to a contagi ous stochastic
event or the fact patches are-so close (for exanple
all in one watershed) that they are essentially
one with regard to environnental perturbations. -
This is the danger of restriction. On the other x
hand, maxim zing dispersion may |ead to a patch-

wor k whose interpatch distances are so great that

each patch behaves as an isolate (that is, dis-

persing individuals cannot reach another patch),

and there is no realized benefit in terns of the

rescue effect, recolonization, or gene flow This

is the danger of diffusion

[ty

Cearly, this "stew' of processes, variables, and
probabilities would be rendered nore meani ngf ul
if:

1. Data were available to derive the functiona
rel ationship of the objective probabilities to the
various processes as these change with the various
met apopul ation configuration variables

2. Theoretical nodels integrating the four types

of stochastic events were available for both a
singl e popul ation and a netapopul ati on configuration
for a variety of life-history types

It would seem that realistic; theoretical nodels, -~
be they analytical or nunerical, could aid in
determning the sensitivity of netapopul ation per-
sistence to various changes in netapopul ation con-
figurations. In table 3 |'ve indicated a postul ated 3
qualitative effect with a directional arrow. A =
next |evel of understanding would be to know which

arrows are large and which small. Theoretica

model s may provide this. Eventually arrows coul d
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Figure 4.—-The dangers of restriction and diffusion. #A xepresents an
original, unaltered metapopulation, most of which 1s scheduled for
alteration. Management must be careful not to spread patches so thin
that patch interactions are lost and each patch goes extinct relatively
rapidly (4B), nor leave so few patches 8o close together that, despite
patch interaction, all patches are eliminated by one catastrophic event
o).

this wll
wor k.

be replaced with equations but
extensive enpirical and experinental

require

THE SPECI AL CASE OF THE NORTHERN SPOTTED OWL

How does the foregoing discussion relate to the
current problem of conserving the northern spotted
ow in public forest lands in the Pacific North-
west? From the reports on current research and
management programs, much inportant data are being
gathered on this species, particularly with regard
to dispersal and the survivorship of young. In
addi tion, research to date (Forsman and others 1984,
Qutiérrez and others 1983) has shown the species'
preference for mature and ol d-growth tinber for
foraging, roosting, and nesting; revealed a large
home range size; dermonstrated the varialbe success
of the species' reproductive performance; and
provided some estimate of overall population size
and distribution. Al this information is necessary,
but it is not yet sufficient for conprehensive
conservation planning. Still lacking are sex- and
age-specific nortality and fecundity rates; sex and
age structure (which may be derived from the
preceding); sone neasure of the variahility of
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these rates fromyear to year, and data on the
genetic and breeding structure of the species.
Thus, there are insufficient data with which to
construct a conprehensive quantitative population
model .

In the absence-of sufficient data to develop corn-
prehensive quantitative approaches to assessing -
the viability of various spotted ow habitat con-
figurations, two nmanagement approaches have
emerged. The first is what might be terned a
qualitative approach; using available information
on population size, distribution, habitat prefer-
ence, home range size, and an intuitive appreciation
of the inportance of dispersal, to develop guide-
lines for managenent (Oregon Interagency Spotted
OM Managenent Plan). The other approach incor-
porates the above but is based on the growing use
of genetic argunents to assess nininum viable

popul ati on sizes (Salwasser and others in press).
Wth regard to the forner approach, its chief
weaknesses are the need for a better-understanding
of how hone range size and the relative conposition
of mature and old-growth (that is percent conpo-

sition - a rough measure of habitat quality) im
pinges on reproductive success, adult survivorship,
and their variability, and the apparently arbitrary

choi ce of distances between spotted ow nanagenent
areas (SOMAs). Current work on dispersal shoul d
help correct the latter weakness fairly quickly,
while extensive studies of reproductive success
across a gradient of home range size and percent
conposition can partially alleviate the first weak-
ness. For the tenporal conponent of variation in
SOVA suitability by size and percent conposition
there is sinply no substitute for long-term
monitoring. Certainly, using mininumsized hone
ranges for long-term nmanagenent guidelines would
be courting failure as would a spacing regime for
SOMAs based on maxi mum dispersal abilities. Com
bining these hazards with a dedication of a mninmm
nunber of SOMAs of low quality would further
reduce the species survival probabilities.

The genetic approach represents a conceptual ad-
vancenent based on both theoretical and enpirical
know edge. However, several cautionary notes need
to be sounded. First the 50/500 rule (Franklin
1980, Soul é 1980) discussed earlier, which seens
to be energing as a standard of application, is
based on the sinplest of analytical population
genetics nodels, which do not take into account
either age-structure or environnental stochasticity.
Based on previous work on nodelling grizzly bear
(Ursus arctos) populations, the inclusion of age
structure can dramatically affect the results of
projecting popul ation survivorship based on deno-
graphic stochasticity alone (Shaffer 1978). To
the extent that genetic diversity directly affects
denmographi ¢ parameters (for exanple, nortality,
fecundity), and this is the heart of the inbreeding
depression argument, the inclusion of age-structure
in determning effective population sizes may
dramatically increase estimates of nininum viable
popul ation sizes. Make no mistake, there is no
doubt that inbreeding depression poses a grave
risk to small, isolated populations. Wat remins
in doubt is what constitutes small for organisns of
varying genetic structure and life-history patterns.




In this regard, Barrowclough and Coats (1985)
estimate that the likely effective popul ation size
(in the genetic sense) for this species would
approximate 2.1 of the census population size. This
means that to achieve the goal of |ong-term adapt-
ability (500 breeding adults, Franklin 1980) my
require a census population goal of 1050 breeding
adults or 525 pairs. This is very close to the
current managenent objective of 500 pairs for
Washi ngt on and Oregon (Sal wasser and others in
press).

A second point reiterates what emerged fromthe
precedi ng consideration of metapopul ati on extinction
dynamics. There currently exists no integrated
theoretical nodel providing guidance on which class
of stochastic events sets the lower limt to pop-
ulation viability. Inplicit in the assunption of
the 50/500 rule is that, if these sizes are
sufficient to overcone the dangers of drift and
inbreeding depression, all is well. This remains
to be denonstrated. In fact, for density indepen-
dent popul ations occupying variable environnents,
environnental stochasticity may be the limting
factor for popul ation persistence, as appears to
be the case in certain checkerspot butterfly pop-
ulations (Ehrlich and others 1980). On the other
hand, for |arge-bodied, long-lived, adaptable
species with low genetic variability and sone

tol erance to inbreeding, denographic stochasticity
may be the key factor in determining popul ation
persistence. How nuch denographic considerations
or environnental conditions would modify the current
managenent obj ective for the northern spotted ow
is unknown, but it is highly probable an increase
in the objective would be required.

MANAGEMENT CPTI ONS AND RESEARCH NEEDS

It is clear from the discussion in the section,
"Met apopul ation Configuration and Stochastic
Extinction Dynam cs,"” that projecting the
survivability of various netapopul ation config-
urations is a daunting task. It is safe to say
there are insufficient tinme and resources avail able
to deternmine, enpirically, all the requisite data
over a sufficient period to ensure devel oping an
accurate predictive capability for projecting

popul ati on persistence of the spotted ow. This is
a general and fundamental problemin conservation
bi ol ogy today; being asked to determ ne the |ong-
term viability of wildlife species based on short-
term studies. Nevertheless, the issue nust be
addressed. A reasonabl e strategy involves three
conponents:. (1) theoretical research, (2) short-
termenpirical studies and (3) integration of a

| ong-term noni toring-research programwith current
management action (Salwasser and others in press).

Theoretical Research

As discussed above, theoretical ecology |acks the
detai |l ed nodel s necessary to provide sound gui dance
on the interplay of the factors affecting stochastic
extinctions for populations of different life
history patterns. It seens reasonable that the
managenment agencies in need of such guidance shoul d
seriously consider instituting a program of basic
research to address this weakness. In ny judgnent
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a few representative sinulation nodels of various
major life hisotry types would go a | ong way
toward providing at |east sound qualitative
guidance on the likely persistence of various
popul ations in relation to various stochastic
factors and various land-use patterns. Such
generalized nodels would also be useful in
generating hypotheses for enpirical field or ex-
perimental laboratory studies. There can only be
a growing need for such guidance in the future.
W may as well start now In this regard it is
very encouraging to learn of efforts by the USDA
Forest Service to develop an interactive conputer
simulation nodel of vertebrate popul ation dynam cs
that incorporates denographic, environnental and
genetic stochasticity (Salwasser pers. comm) .l/
Such a modelling effort can be expected to nmake a
maj or contribution in winging the nost value from
the data at hand and helping to pinpoint the nost
crucial data gaps. Expansion of this nodel from
a single isolated population format to a neta-
popul ati on configuration should provide a truly
useful tool, not only- for managenent but for
theoretical studies as well.

Short-Term Enpirical Studies

For the northern spotted ow, short-termenpirical
studi es should focus on assessing reproductive
variability across a gradient of hone-range sizes
by percent conposition; some neasure of the
genetic variability of the species; further work
to deternine dispersal behavior and success; and
moni toring of suitable habitat, occupied and
vacant, to assess the relative frequency of pair
extinction and the recolonization of patches.
Wrk on the latter itemis underway (Carey 1985).
Efforts should al so be nade to deternmine why this
species prefers old growh. There is some
suggestion that prey availability may be the
greatest in old growth but that prey are abundant,
yet unavailable, in early successional stages
(Qutiérrez and others 1985). I[f this proves true,
silvicultural options nay be available to enhance
the species' use of a wider variety of habitats.

Long- Term Moni toring of Management Actions and a
Resear ch Program

To the extent that agencies must act now to

determ ne the species' habitat needs, the follow ng
gui del ines may serve as a reasonabl e approach
provided they are linked to the | ong-term nonitoring
research program specified.

Patch Nunber. The goal of 500 breeding pairs
(Oregon Interagency Spotted OmM Managenent Plan),
in the absence of better guidance, should be
increased to 1,000 pairs for the subspecies.
goal of 1,000 pairs would apply to Washington,
Oregon and northern California. While this nunber
may seem large, it represents a 60 percent re-
duction fromthe nost recant range-wi de estimte

of the subspecies' abundance (U.S. Fish and WId-
life Service 1982). Moreover, given our current

This

i Hal Salwasser, National WIdlife Ecol ogist,
Washington Office, WIldlife and Fish Ecol ogy,
3825 E. Mulberry Street, Ft. Collins, CO 80524.
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understanding of the species genetic characteristics
(Barrowcl ough and Coats 1985) this increase
represents roughly a doubling of what would be
necessary to neet the admttedly rough mininal re-
quirements for long-term adaptability (Franklin
1980) currently enployed by the USDA Forest Service.
In addition, it should be noted that the energing
SOVA patchwork will result in localized populations
of a size that will be extrenely vulnerable to deno-
graphic stochasticity. Thus e;'s can be expected
to be high. The low rates of survivorship and

pair establishment of juveniles during dispersal
(Allen and Brewer 1985, Cutiérrez and others 1985,
W lson and Meslow 1985) indicate a low m value can
be anticipated. Recall that, for the species to
persist m nust be greater than e. Adding SOWAs
shoul d help assure this condition is net.

Further, if a managenent program is based on 1,000
pairs and no suitable unoccupied sites are reserved,
it is unlikely that 1,000 sites will always be
occupi ed (Salwasser and others in press). Thus
sone effort should be made to deternmine the current
percentage of occupancy of suitable habitat and
then use this percentage to correct for the nunber
of patches necessary to actually nmaintain 1,000
pairs. Al of these considerations point to a
need to increase the SOVA objective for the species,
at least until better information is available.

Patch size.--In the absence of better guidance,
SOVA size should be based on nean size and percent
conposi tion of those areas sanpled so far where the
subspeci es has successfully bred. This could be
adj usted based on further sanpling and the results
of the reproductive variability studies.

Distribution. --SOVMAs should be located no nore than
the nmedian (MIler and Meslow 1985) distance of
docunent ed successful dispersals. This is con-
servative but until nore data are available it's
probably the prudent course to follow.  Corridors

of mature or old-growth forest, particularly
riparian corridors, mght aid inter-SOVA dispersal.
It is of concern that, to date, radiotelenmetry
studies in Oegon and northern California have shown
very |low survivorship rates for dispersing juveniles
(Allen and Brewer 1985, Cutiérrez and others 1985,
MIler and Mesl ow 1985). This inevitably raises
the question of whether habitat fragnentation has
already produced a metapopul ation configuration
where m < e. These findings highlight the need for
more work on dispersal and adult survivorship, and
patch extinction and colonization rates.

A long-term nonitoring research program shoul d
focus on estimating adult survivorship; further
monitoring pair extinction and colonization rates;
and reproductive success across a gradient of SOVA
si zel percent conposition over time. Wrk should
also be instituted to determne what habitat man-
ipulation techniques may be effective and feasible
to actively manage the species if it appears the
network of reserved areas is failing. It is
encouraging that the Pacific Southwest and Pacific
Nort hwest Regions of the USDA Forest Service are
actively pursuing the latter recomendation

(Sal wasser, pers. comm ) %
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SUMVARY

The inmportance of island biogeographic theory to
conservation is the attention it has focused on
the inportance of understanding |ocalized extinc-
tions and colonizations, and the factors affecting
these processes, as determnants of the distribution
and persistence of species. This focus has
triggered an increased appreciation of the role of
chance in determning the patterns nmanifest in
nature. The indications that such sinple variables
as habitat size and isolation may play key roles
in determning popul ation persistence in the face
of chance events is of crucial inportance in an
increasingly fragnented world where the |and-use
patterns inposed by man are often inimcal to the
survival of certain species. Nowhere is this nore
evident than in considering the fate of a species
whose patchwork of habitat is undergoing alteration.
If persistence hinges on the nunber, size, and
interrelationship of patches, at what point will
the fabric of habitat be stretched too thin and
the species lost? The northern spotted ow in the
Pacific Northwest is one current problem that fits
this scenario. A new paradigm or perspective, on
popul ation structure and dynamics is essential to
deal effectively with the conservation of such
species.  The netapopul ati on concept seems an
appropriate frame of reference for this class-of
problem vyet ecological theory has yet to provide
a realistic nodel to assess even the qualitative
behavi or of such a population configuration under
the influence of all the various types of stochastic
perturbations that are likely to affect popul ations.
Even without such nodels, common sense would in-
dicate that a large number of large patches close
together should mininize the loss of species both
from particular patches and over all patches. Yet
further reasoning from commn sense indicates that
there may be nore subtle effects and these may
produce tradeoffs in habitat configurations which,
though spatially different, confer the sane prob-
ability of persistence to the species in question.
Determning the existence and form of such trade-

offs is crucial to maximzing managenment alter-
natives to "fit nature in."
In the case of the northern spotted ow, valuable

data have been gathered but the effectiveness of
this information is constrained by the lack of
theoretical nodels to provide qualitative guidance
about which data are nost inportant. The current
USDA Forest Service approach to the managenent of
this species (Salwasser and others, in press) is
encouraging but will benefit by expanding its
focus on genetic argunents to include the effects
of denographic and environmental effects. The
northern spotted ow highlights the whole issue of
| and-use planning for the conservation of viable
popul ations. This issue is conplicated by the
lack of a scientific consensus on standards for
what constitutes such a population and by the in-
escapable reality that we are being asked to project

% Hal Salwasser, National WIdlife Ecol ogist,
Washington Ofice, Wldlife and Fish Ecol ogy,
3825 E. Miulberry Street, Ft. Collins, CO 80524..




the dynanics of a system without being given the
time to examine it enpirically or experinentally.
| see no solution to this except that pointed out
by Salwasser and others (in press): to stinulate
theory to provide guidance and generate hypotheses
that may be tested in the context of the managenent
programs which will be inplemented wthout conplete

know edge. | hope management will be allowed to

adapt in the future in the light of the experience
t hus gai ned.
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ABSTRACT:

Nor t hwest :

unpubl i shed admi nistrative study
into a summary of the basis for managing spotted ow s.

¥
A SUMVARY OF THE SCIENTIFIC BASIS FOR SPOTTED OAL MANAGEMENT
Andrew B. Carey
This paper is based on the presented papers and discussions at the
synposi um "Ecol ogy and Managenent of the Spotted OM in the Pacific
held in Arcata, California, in
1984. Additional information is drawn from published scientific reports and *
reports. The information is synthesized
Managenent for
spotted ows has generated controversy because of conflicts with tinber
production and because there was little information on the ecology of the ow ¥,

prior to the 1970's.

Conflicts and Opportunities"

Subst anti al

information on the spotted ow has now been

accunul ated although nmuch of this information has not been published. The

accumul ated information shows that

maintain heal thy popul ations.

are used, on the average, by a pair of spotted ow s.

spotted ows need old-growth forest to
Between 2,000 and 2,500 acres of old growh

Existing information

suggests that at least 1,000 pairs of northern spotted ows are necessary to

maintain a viable population.
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that there is sufficient information for managers

about the spotted ow (strix occidentalis).

During the 1970's managenent for spotted ows

achi eved regional promnence anong wildlife

i ssues because of the ow's apparent dependence

on old-growth coniferous forests that also have

high value as tinmber. The spotted ow was -
described as declining in nunbers because of

harvesting of timber and was accorded speci al

status by California, Oegon, and \ashington

(Carleson and Haight 1985, Forsman and others 3
1982, CGould 1985, Heinrichs 1983, Juel son 1985). »
Because of its special status, its role as a

surrogate for other wldlife associated with ol d-




growh forests, and its proninence in the public
arena, the ow was designated a managenent

i ndicator species by the USDA Forest Service
(Carrier 1985, Lee 1985): During the 1980's the
spotted ow achieved national proninence because
of the conflict between harvesting tinber and
ensuring that spotted ow populations remain
viable as required by the National Forest Manage-
ment Act (Forsman and others 1982, Heinrichs 1983,
Mesl ow and others 1981). The controversy over the
spotted oW was exacerbated by the lack of infor-
mation available in the 1970's on spotted ow
habitat requirenments (Heinrichs 1983). Prior to
1977, the only published information was either
very general in nature or anecdotal and dealt with
i ndi vidual observations of the bird and its
habitat, nests, and food habits. The first
quantitative study appeared in a scientific
journal in 1977 (Forsman and others 1977). The
results of many studies are still in unpublished
reports, manuscripts in preparation, or manu-
scripts in press (Canmpbell and others, in press).
Reviews of the ow's ecology that were used to
prepare management recomendations (for exanple,
Zarn 1974, Departnent of the Interior 1982) had
to be based on theses, anecdotes, unpublished
reports, and personal communications. Even now
there is only one mmjor, published, scientific
treatnent of the spotted ow in the Pacific

Nort hwest (Forsman and others 1984) and only a
few research reports in journals that require
rigorous technical review before publication
(Barrows 1981, Forsman and others 1977, Marshall
1942. for exanple). The synposium Ecol ogv and
Managenent of the Spotted OM in. the Pacific
Northwest: Conflicts and Opportunities was
convened in 1984 (Cutiérrez and Carey 1985) to
bring together the rapidly accunulating informa-
tion on the spotted ow. This paper summarizes
the papers in that synposium and other published
and unpublished information to analyze the
sufficiency of information available to managers.

Vhat Constitutes Sufficient Information?

To determine what constitutes sufficient
information for management purposes, six things
must be considered: (1) The objectives of the
managi ng agency. (2) The present managenent
situation and the options available to the agency.
(3) The accunulated information. (4) Forthcom ng
information. (5) The state of wildlife science
in terms of the devel opment of theory and reliable
predictive nodels. (6) Research needed and the
costs, difficulty, nethods, and |ikelihood of
obtaining additional useful information in the
near future. Each of these is discussed. Mich
of this analysis is directed towards the Pacific
Nort hwest Region of the USDA Forest Service
because it contains a mjority of the remaining
habitat for northern spotted ow (S. o. caurina)
habitat. Habitat is also being managed by the
Paci fic Southwest Region of the Forest Service,
and by the National Park Service, and Bureau of
Land Managenent in the US. Department of the
Interior.

101

CBJECTIVES OF THE MANAG NG AGENCI ES

O all the laws relating to Forest Service
activities (U S Department of Agriculture 1983).
the National Forest Managenment Act of 1976

provides the clearest, nost conprehensive
direction both for overall policy and objectives
and for nmanaging forests for wildlife. The

regul ations inplenenting the act (MacC eery 1982)
provide even nore specific guidance: the dom nant
principle of Forest Service planning and nanage-
ment is to "provide for multiple use and sustained
yield of goods and services from the National
Forest System in a way that maximizes long-term
net public benefits in an environnentally sound
manner." This bal ance between produci ng goods
and services and protecting the environment is

mai ntai ned throughout the act and the regul ations
and is exenplified in specific, ninimm require-
ments for management. These requirenents include
maintaining the diversity of plant and animal
comunities to neet multiple-use objectives and
providing habitat adequate to maintain viable
popul ations of existing native vertebrate species.

Both the Pacific Southwest Region and the Pacific
Northwest Region of the Forest Service recognize
that the spotted ow has special habitat needs
and that changes in its population may reflect

the effects of nanagement activities. Both
regions have adopted plans to maintain viable
popul ati ons of spotted ows (Carrier 1985, Lee
1985). And both have recognized the value of old-
growth coniferous forests as habitat for the
spotted oW and other wildlife and as an integral
conponent of natural diversity (Franklin and Spies
1984, Kerrick and others 1984, Salwasser 1984,
Sirmon 1984, Teeguarden 1984). Sinply stated, the
Forest Service objective for spotted ows is to
provide an environment that will maintain viable
popul ati ons of spotted ow's throughout their
existing range across the National Forests. But
the situation facing managers is not sinple.

Because the spotted ow depends on mature and
old-growth forests, maintaining an environnent
that is anenable to spotted ows wll affect the
|l evel of sustained yield of wood products. Viable
popul ati ons of spotted ow's probably would be
maintained if mature and old-growth forests were
not harvested. But long-term net public benefits
m ght not be maximzed. Although the National
Forest Management Act of 1976 enphasizes
production of goods and services, it also states
that multiple use is "not necessarily the

conbi nation of uses that will give the greatest
dol lar return or the greatest unit output."
Viable popul ations of spotted ows nust be
maintained within a management arena that dictates
m ni mum i npact on the harvest and production of
timber. Additional information on spotted ows
is required primarily because of the need to

bal ance spotted ow popul ations and wood products.

Vhat kind of information do nmanagers need to
achieve this balance? To a mgjor extent, the need
for information is conditioned by the options that
are available. If, in the current managenent
situation, there is a great surplus of ows and
ow habitat, managers will have many choices. If
the spotted owls and their habitat are already



near mninum | evels, few choices are left. If
suitable habitats can be created in a short tine,
nmore options are available than if a long time is
required o- if habitat cannot be recreated.

If the managenent situation is favorable (many
options exist), then precise and accurate
descriptions of the requirements of spotted ows
could be used to select habitat managenent areas.
But if few options exist, then the information
that is nore qualitative than quantitative would
be sufficient because few choices could be made.
The situation is conplicated further by the |ack
of a clear understanding of what constitutes a
viable population. Information on the spotted
ow s nust be placed in a theoretical franmework
that defines "viable population." The theory is
relatively undeveloped as is the concept of
dependency of a species on particular types and
amounts of habitat (Barrowclough and Coats 1985;
Carey 1984; Shaffer 1981, 1985).

THE PRESENT MANAGEMENT S| TUATI ON AND OPTI ONS
AVAI LABLE

ad Gowh and Spotted OMs

O the 15 million acres of ol d-growth (250-750
years old) forest (forests 250 to 750 years old)
present in the Pacific Northwest in the |800's,
about 5 million acres remain. About 1 million
acres are reserved in national parks, wlderness
areas, and research natural areas in western
Washington and Oregon (Franklin and Spies 1984).
About 25 percent of the National Forests in the
Paci fic Northwest west of the crest of the Cascade
Range consist of forests nore than 250 years old
and anount to 2-1/2 mllion acres (Sirnon 1984).
Some of the old growth is subal pine forest not
suitable for spotted ows. The distribution of
old-gromth (and mature) forest is not even. dd
growh is concentrated in the national parks and
in the National Forests along the west slope of
the Cascade Range. Od growth is not abundant in
the vall eys and nountai ns west of the Cascade
Range except in parts of Oynpic National Park.
The State of Washington, Department of Gane, feels
that the remaining habitat on the Aynpic
Peninsula is insufficient to support a viable
popul ation of spotted ows (Juelson 1985).
Certainly the anount of old growth renmaining in
the AQynpic National Forest is insufficient
(Beckstead 1985). The State of Oregon, Departnent
of Fish and Wldlife, is concerned about the
popul ation in the Oregon Coast Range because of
the relatively small amounts of old growh that
remai n and because plans are to remove nuch of
the remaining old growth (Carl eson and Hai ght
1985).  The present popul ations of spotted ows
are about 1,200 pairs in Oegon (Carleson and

Hai ght 1985), 1,000 pairs in Wshington (U S.
Departnent of the Interior 1982), and 1,260 pairs
(of two subspecies) in California (Gould 1985).
These popul ations will probably decrease with
continued harvesting of nmature and ol d-growth
tinber (Forsman and others 1982).

102

The Spotted OM Managenent Plan

Present management of spotted ows in National
Forests in Oregon and Washington is based on the
"Spotted OM Managenent Plan" (unpublished)
prepared by the O egon-Washington Interagency
Wlidlife Conmittee. The committee based its
recommendations on the prelimnary results of
research conducted by Eric Forsman of Oregon
State University; the plan and the events relating
to the formulation of the plan are sunmarized by
Forsman and others (1982). Forsman's research has
been published (Forsman and others 1984, Forsman
and Meslow 1985). The final recomendations of
the conmttee were adodpted by the Pacific North-
west Region (Lee 1985) and the Pacific Southwest
Region (Carrier 1985) of the Forest Service but
not by the Oregon State Office of the Bureau of
Land Managenent (Carleson and Haight 1985).
Initially both Federal and State agencies were
reluctant to adopt the conmttee's recommendations
because of the lack of information on spotted
owms. The state forestry agencies of California,
Oregon, and Washington still have not accepted the
recommendat i ons. Even so, there is concern about
whet her or not the Federal agencies are doing
enough (or conversely, doing too much at the
expense of other resources) for the spotted ow
(Carleson and Haight 1985, GCould 1985, Heinrichs

1983, Juelson 1985, La Follette 1979. Lee 1985).
Current managenent plans of Federal agencies
(Forest Service, National Park Service, and Bureau

of Land Managenent) would preserve the habitat of
800 to 1,000 pairs of northern spotted ows in the
Pacific Northwest. The Forest Service has set
goals of maintaining 530 pairs of spotted ows in
Washi ngt on and Oregon (Lee 1985) and 500 pairs (of
all subspecies) in California (Carrier 1985).

Opti ons

What options are there for managers? The Pacific
Nort hwest Region considered 533 pairs for its

m ni mum goal and 690 pairs as an alternative high
goal. Thus the managers in the Region had a fair
range of options available. But the Region is
reassessing the range of options, and the asso-
ciated risks, through preparation of a supple-

nental environnental inpact statenent on the
regional guide for forest plans. Individual
National Forests in the Pacific Southwest Region

are also considering alternative goals. The
options available to the Bureau of Land Managenent
are not clear. The National Park Service is
charged with maintaining a natural environnent, a
charge that is conpatible with nmaintaining spotted
ow popul ations.

A full exploration of the options available to
the Federal management agenci es has not been

possi bl e because there is no inventory that
contains the locations, sizes, and characteris-
tics of the mature and ol der stands not schedul ed
for harvest. It is not possible without such an
inventory for researchers to determine the present
di stribution of stands and the possible arrays

that could form alternative networks for main-
taining spotted ows. It also is not possible to
select stands of specific structural characteris-
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THE ACCUMULATED | NFORVATI ON
Spotted OM Distribution

Bent (1938) reported that the spotted ow
inhabited a variety of forested environnents in
western North America ranging from dense, conifer-
ous forests in British Colunmbia to pine-oak wood-
lands in Mexico. However no sightings of spotted
owl s have been reported in British Colunbia in
recent years (Howi e 1980). Until 1970, the
spotted ow was thought not to commonly occur in
the Pacific Northwest; only 24 sightings of
spotted owls in Oregon had been recorded (Forsman
and others 1982). Since 1972 nunerous surveys for
spotted ow's have been conducted by biol ogists
enpl oyed by Federal and State agencies, industry,
and private organizations. Sone results have been
published (Erckman 1982; Forsman and others 1977,
1982, 1984; Garcia 1979; Gould 1977; Marcot and
Gardetto 1980; Postovit 1979); others have not
(many are listed by Canpbell and others in press);
and some surveys are ongoing (for exanple, Allen
and Brewer 1985). Forsman and others (1982) tabu-
lated many of the 1972-81 surveys: spotted ows
had been located at over 400 sites in California,
600 sites in COregon, and 200 sites in \shington.
The population size for the northern spotted ow
(S.0. caurina, the subspecies in the Pacific
Northwest) was estimated to be roughly 2,500
pairs (U S. Departnment of the Interior 1982).

Spotted OM Habitat

Survey results.--Athough many of the sites sur-
veyed by biologists have not been described using
standard, quantitative neasures, the records show
the nost spotted ows were found in late seral
forests; this substantiates the observations of
naturalists during the early 20th century that
the spotted ow was associated with old, virgin
forest.

Forsman and others (1984) describe 595 sites in
Oregon that were occupied by spotted ows, perhaps
50 percent of the occupied sites in Oegon. Mst
(98 percent) of the sites were old-growth (nore
than 200 years old) coniferous forests or virgin
forests that were nmixtures of mature stands (100
to 200 years old) and old-growth stands. The
salient features of the occupied sites were: an
overstory conposed of trees 230 to 600 years old,;
an understory of trees 30 to 200 years old, canopy
closure averaging 65 to 80 percent as a result of
the uneven-aged, nultilayered structure; and the
presence of broken tops, deformed linbs, and heart
rot in large trees. O 47 nests located. 90 per-
cent were in the classic old growth just
described; the remainder were in younger forests
that contained scattered old-growth trees. Nest
trees averaged 49 inches in d.b.h. (diameter at
breast height) and none were less than 29 inches
in d.b.h. Nests were 39 to 180 feet above the __
ground averaging 75 feet in cavities or broken
tops of trees or on platforms of sticks and
debris on tree linbs.
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O her, less extensive surveys gave the sane
results as Forsman's. Cordano and Cordano, |/
surveyed dense stands of mature to ol d-growh
tinmber near streams in northern California. They
found ows in 80 percent of the stands. Marcot
and CGardetto (1980) surveyed a variety of stands
in northern California: 95 percent of the ows
they encountered were in mature or old-growth
stands, which occupied only one-third of the area
surveyed. Spotted ows were three tines nore
abundant in old-growth forests than in mture
forest. Gould (1977) describes 192 sites where
he found spotted ows in northern California.
ows were found in dense, virgin, coniferous
forests between 98 feet and 7,500 feet elevation.
The sites contained mature forests with trees
greater than 33 inches d.b.h., a variety of tree
species, a nultilayered canopy, canopy closure
greater than 40 percent, and a noderate degree of
decadence. In Oregon, Forsman and others (1977)
surveyed areas in the Cascade and Coast Ranges,
including extensive areas of second-growth forests
40-90 years old. Oams were 12 tinmes nore abundant
in old growth than in forests that were less than
80 years old. Postovit (1979) surveyed extensive
areas, including unbroken second growth, in the
Cascade Range and the Qynpic Muntains of north-
western \ashington. Spotted ows were five tines
more abundant in old-growh forests than in
younger forests. Only one ow was found in
unbroken second growth. Abundance rapidly
declined with declining proportions of old growh.
Garcia (1979) surveyed stands of various ages in
the Gfford Pinchot National Forest in south-
western Washington. He found ow's in stands
ranging in age from 60 to over 200 years old, but
his data were too few for conparing age classes.
Erckman (1982) found spotted ows to be widely
distributed in old-growth forests in the Munt
Baker - Snoqual m e National Forest in northwestern

The

Washington. He concluded that all old growth was
not of equal value to spotted ows. Areas bel ow
3,200 feet in elevation and containing major creek

drai nages had higher ow densities than higher,
drier sites. Forsman and others (1984) and Goul d
(1977) also found altitudinal limts and comented
on the need for water.

Radio telenmetry results.--Radio telenetry studies
of adult spotted ows in nosaics of old-growh,
mature, and young stands in western Oregon
(Forsman and others 1984) and northern California
(Cutiérrez and others 1984) confirmed the
association of spotted ows with mature and ol d-
growth stands. Ongoing studies in Washington are
obtaining simlar results (Allen and Brewer 1985).

In Oregon, hone ranges of individual spotted ow s
enconpassed 1,356 to 8,349 acres, averaging 2,907
acres in the Cascades where 55 percent of the area

studied was in old growth and 4,725 acres in the

1/ Unpubl i shed administrative study report,

1981, "A Prelimnary Study of the Spotted OM on
the Corning Ranger District," by Anette Cordano
and Marty Cordano, U. S. Department of

Agricul ture, Forest Service, Mendocino National
Forest, 420 E. Laurel Street, WIIlows, CA 95988.



Coast Range where 20 percent of the area studied
was in old growth The amount of old growth
enconpassed in the home ranges was 741 to 2,878
acres, averaging 1,988 acres in the Cascades and
1,245 acres in the Coast Range. None of the six
pairs of spotted ows studied had less than 1,008
acres of old growth in its range (Forsman and
others 1984, Forsman and Meslow 1985). The
average anount of old growth in a pair's range
was 2,264 acres (Forsman and Meslow 1985). These
figures and all the figures for ows in the Coast
Range are based on only 4 nonths of study during
summer. In the Cascade Range, ow's were studied
from9 to 13 nonths; the data indicated that 4
nmonths of study are insufficient to adequately
determine total hone range use. The ows used old
growth for foraging 64 to 99 percent of the tine
despite the | ow proportions of their ranges in
old growth (20 to 66 percent). Oas spent 0 to
16 percent of their time foraging in mature stands
and 0 to 36 percent in young (61 to 80 year old)
stands. The ow's also foraged in 25- to 35-year-
old forests in the Coast Range (O to 31 percent

of the tme)but not preferentially (up to 47
percent of the hone ranges were 25- to 35-year-old
forests). The only preference (use out of propor-
tion to occurrence) denmonstrated was for old
growth. Mre than 1,600 roosts were located; 91-
98 percent were in old-growth forest; 90 percent
of the nests located were in old-growh forest.

Prelimnary results of two northern California
studies were reported by CQutiérrez and others
(1984). Hone range sizes for six oWws were 741
to 3,705 acres or an average 2,245 acres. Hone
ranges of adult pairs exceeded 3.000 acres and
contained more than 2,000 acres of mature and
old-growth forests. Mature and old-growth forests
conprised 22 to 52 percent of summer hone ranges
and 11 to 66 percent of winter hone ranges.
Mature forests in the California study area were
more t han 150 years old and had nultilayered
canopi es; dom nant trees were |arger than 39
inches d.b.h. %% Late seral stage forests

were used out of proportion to their occurrence.
Data analysis is inconplete, but results to date
agree with the results reported by Forsman and
others (1984) (Cutiérrez and others 1984). In
both studi es hone range size increased as the
proportion of old growth decreased, further
substantiating the need for somenininum area of
mature and old-growth forest.

A correlation was also found in radio telemetry
studi es in Washi ngton between hone range size and
the amount of old growth contained in the hone
range. Three adult pairs had an average of 1,850
acres of old growth in their home ranges (A len
and Brewer 1985).

Qutiérrez.
CA 95521.

R J.
Arcata,

2/ Per sonal communi cati on,
Hunbol dt State University,

3/ Unpublished adninistrative study report,

"Wnter Ecology of Radio-Tagged OMs on Six Rivers
National Forest, Hunboldt County, CA " by Chuck
Sisco. Hunboldt State University, Arcata, CA
95521.
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Laymon (1985) is conducting radiotel emetry
studies on California spotted ows (S. o.
occidentalis) in the Sierra Nevadas. He has
observed a marked altitudinal shift in home range
from sumrer to winter. The four ows he nonitored
moved 12 to 20 miles to areas that were an average
of 2,296 feet lower in elevation than were the
summer home ranges. These ows returned to their
sunmer home ranges in the spring. Seasonal
adjustnents in hone range have been noted by all
the biologists studying the northern spotted ow,
but none of these adjustments approached the
mgratory nature of the California spotted ow
observed by Laynon. Laynon's research underscores
the inportance of studying a species throughout
its range.

{4

Radi 0 telemetry st udi es have shown that
dispersing juvenile spotted ows wll frequent
young forests and even clearcuttings. But
mortality rates of juveniles are very high.
Juveniles have the capability to disperse long

di stances before dying (up to 61 mles, but
averaging 15 to 28 miles, depending on the

area). There is no such information on

successful dispersers (ows that disperse,
establish a territory, mate, and produce
offspring). The juveniles do not cross large
bodi es of water (for exanple, reservoirs or Hood
Canal). They will cross rivers 246 to 328 feet
wide. They often disperse along forested
corridors, such as riparian areas, and they wll
cross ridges. Studies of dispersing juveniles
are being conducted in California, Oregon, and T
Washington (Al len and Brewer 1985, Cutiérrez and
others 1985, Laynon 1985, Mller and Meslow 1985).

A test of a habitat nodel.--Laynon ¥ devel oped
a Habitat Suitability Index nodel for spotted
ow s based on Forsman's research with some
consideration of other studies. The nodel
includes tree size, canopy closure, vertical
layers of vegetation, and area. The nodel was
tested on the El dorado National Forest in
California. The test confirmed the association
of spotted owls with large trees (greater than 36
inches d.b.h.), high canopy closure (70 to 100
percent), and multilayered understory.

1

Summary of spotted ow habitat.--Spotted ows in
the Pacific Northwest use all the mjor coniferous
forest associations except subal pine forests and
forests of ponderosa pine (Pinus ponderosa Dougl.
ex Laws), |odgepole pine (p. contorta Dougl. ex
Loud.), or sitka spruce (Picea sitchensis (Bong.)
Carr.). some hardwood stands are used. Spotted
ow s are nost abundant in old-growth forests
characterized by an uneven-aged, nultilayered
canopy with a high conposite canopy closure.
Dominant trees are large (39 inches d.b.h. or
larger) and old (over 230 years) and nany have
broken tops. cavities, or deforned, platform -

b/ Unpubl i shed Administrative Study Report, "A 4
test of a spotted ow habitat suitability nodel,"

by Stephen A Laymon, University of California,

Berkel ey, College of Natural Resources, Berkeley,

CA 94721.
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formng branches. Understory trees are 30 to 200
years old. Some of the understory trees are
small, often are deciduous (such as vine maple,
Acer circinatum Pursh.) and provide perches-al most
to the forest floor. Abundance of spotted ows
varies with the proportion of old growth in the
forested |andscape. But the ow's can do well in
mosaics of old-growth, nature, and young stands.
In extensively harvested forests, spotted ows
expand their home ranges as fragnentation
increases, presumably to nmaintain sonme nininum
anount of old growh within their ranges.
Averages (depending on area) are 1,850 to 2,265
acres of old growh per pair. Cbviously, the
ow s cannot expand their range indefinitely
(observed ranges are 1,356 to 8,349 acres); as
they reach the higher linmts their ability to
survive and reproduce must be dinminished. The
average home range size in highly fragnented
forests is around 4,693 acres and can be used as
a basis for nanagenent. An area of 4,849 acres
is enconpassed by a circle with a radius of 1.5
mles. Forsman and others (1984:57) felt that
988 acres of old growth within 1.5 nmiles of a
nest tree would be adequate habitat for a pair of
spotted ow's, even when the remaining acreage was
covered by stands less than 80 years old. The
988-acre reconmendation was based on the |east
anount of old growth in the home ranges of the
pairs of ows Forsman studied. One pair, studied
for 4 months, had 1,008 acres of old growth in
its honme range. No other pair had less than
2,092 acres of old growth in its hone range
(Forsman and Mesl ow 1985). Habitat nanagenent
for spotted ows could be based on the average
anmount of old growth used by pairs in the Pacific
Northwest (1,850 to 2,265 acres). For exanple,
if 2,470 acres of old growth were maintained along
with stands of a variety of other ages (including
80- to 200-year-old trees) within a 1.5 nile-
radi us- SOMJ (spotted ow managenent unit-habitat
for one pair), the chance of nmaintaining a pair
of spotted ows in a SOMJ would be substantially
i mproved. If use of the SOMJ by a pair of ows
were documented, the manager could then be
reasonably confident that the SOW was
contributing to maintaining a viable population
of spotted ow s.

How reliable is the above information? Forsman's
studies (Forsman and others 1977, 1984) and
CGould's studies (1977, 1985) were based on
unusual Iy large sanple sizes conpared to other
studies of raptors. The results of these studies
were confirmed by snaller studies and by the
prelimnary results of two recent studies in
California (Qutiérrez and others 1984, Cutiérrez
1985) and ongoing studies in Washington (Alen
and Brewer 1985). But only a dozen pairs of
adult ow's have been studied with telenetry.
Additional quantitative data will be forthcom ng
(Carey and Ruggiero 1985). It is unlikely that
the description of suitable environnments and the
m ni num recommendations will be lowered by forth-
coming data, but data specific to a state or
region are being gathered. Sone tailoring of
habi tat managenent to local conditions may be
possi bl e.
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Determ nants of Habitat

Wiy are spotted ows associated with ol d-growth
forests in the Pacific Northwest? A nunber of
reasons have heen proposed; they can be grouped
into six loosely-formulated hypotheses that are
not nutually exclusive: nesting hypothesis,
heat-stress hypothesis, prey-abundance
hypothesis, prey-availability hypothesis,
predation hypothesis, and adaptation hypothesis.

Nesting hypothesis.--Od-growth forests are nore
likely to contain trees that are structurally
suited for nests than are young forests. The
spotted ow does not construct a nest. It nust
therefore find natural platforns that are suited
for holding the female, eggs, and young birds.
Because the spotted ow is a large bird, the
platform nust be large. To safeguard the eggs
and young from terrestrial and semi arboreal
predators the nest nust be high above ground.
Thus the platform nust be part of a large tree.
Suitable platforms include large cavities in
trees, depressions in the broken tops of trees,
and platfornms resulting from the accumulation of
organic material on the fan-shaped branches of
old-growth trees. This hypothesis is supported
by the descriptions of the nests of spotted ows
that have been found in Pacific Northwest forests
(Forsman and others 1984).

Heat-stress hypothesis.--Spotted ows are
intolerant (conpared to many other ows) of high
tenperatures and are stressed at tenperature above
27 to 31°C (depending on wind speed). This
tenperature intolerance is a function of the ow's
plumage which is adapted for withstanding the
stress of cold winter tenperatures (Barrows 1981,
Barrows and Barrows 1978). The tall, nultilayered
canopy of old-growth forests results in a |arger

gradient in tenperature (and amount of direct
solar radiation) than exists in forests with
shorter, sinple, canopy structure. The nulti-

| ayered canopy provides roost perches that range
from high in the canopy down to ground level. In
particular, hardwoods in the understory (such as
vine maple) allow roosting close to the ground.
Field studies of roosting behavior and heat stress
have enployed neterological equipnent, radio
telemetry, direct observation, and characteri-
zation of roosts and roost-stands. OasMs change
roosts (especially height) and body posture to
avoid direct sunlight in the sumer and to find
anbi ent tenperatures lower than 27 to 31°C
Stands in California used for roosting were often
on north-facing slopes and in canyons. OMs in
California have also been observed to change
roosting locations to be near water and, when
heat stress still resulted in physiol ogical
reactions (gular flutter), to bathe (Barrows
1981, Barrows and Barrows 1978). OMs in Oregon
exhibit similar behavior, but unexpectedly most
ows in the Coast Range roosted in stands on
south-facing slopes (Forsman and others 1984).
The putative association of spotted ows wth
old-growth stands that contain streams or seeps
lends further support to the heat-stress
hypothesis, as does the association of spotted
ows with caves and canyons in the Southwest.
Laynon (1985) observed altitudinal shifts in hone
range in the Sierra Nevada with the ows using



elevations in the summer than in the
winter; the reasons for these shifts are net
known at this time but the phenomenon does fit
this hypothesis. The hypothesis does not explain
why spotted ow s are not known to occur at high
elevations in Oegon and Washington.

hi gher

Prey-abundance hypothesis.--Spotted ows prey on
a wide variety of animals. They specialize in

small mammal s such as red tree voles (Arborinus
| ongi caudus), deer nmice (Peronyscus manicul atus),

dusky-footed woodrats (Neotonma fuscipes), and
northern flying squirrels (Qauconys sabrinus);
the latter two species are preferred--the woodrat
in mxed conifer forests in California and Oregon
and the flying squirrel in Washington and nost of
Oregon (Barrows 1985, Forsman and others 1984).

A greater diversity of prey is eaten by spotted
owms in the Sierra Nevada, with gray squirrels
(Sciurus griseus) and birds assumng inportance
(Layman 1985). Barrows (1985) has noted that
ow s that eat a high proportion of |arge prey
(flying squirrels and woodrats) have greater
success in breeding than do ows that eat snall
prey. OlMs expend |ess energy per unit of food
In capturing the large prey, thus presunably nore
energy is available for reproduction than when
the mpjority of the prey is snall animals. A
hypot hesi s has been advanced that the preferred
prey is nore abundant in old-growth forests than
in younger forests. Raphael and Barrett (1984)
found smal |l mammal s, as a group, nore abundant in
"large tinber" than in "mediumtinber" or "small
tinber." Dusky-footed woodrats and deer mice were
nore abundant in forests ol der than 250 years than
in forests 150-250 years old or younger than 150
years. Both species were al so abundant in shrub-
sapling stages. Raphael and Barrett did not,
however, adequately sample northern flying
squirrels. Thus there are few data to support
the hypothesis. Ongoing studies by the Forest
Service (Ruggiero and Carey 1984) wll answer the
guestions about prey abundance across the sere of
forest devel oprent.

Prey-availability hypothesis.--The prey-
availability hypothesis differs fromthe
prey-abundance hypothesis by stating that the
prey of the spotted ow is abundant in old growh,
but not necessarily nore abundant there than

el sewhere. The key feature is that the structure
of old-growh forest is better matched to the
spotted ow's size and nethod of foraging than
the structure of younger forests and that this
structure results in a greater availability of
prey (more of what is there can be caught) than
other environnental structures. Qutiérrez and
others (1984) nention this hypothesis. Foraging
perches are nore available in old growh, and

pat chiness in the understory and gaps in the
canopy may provide a better environment for
foraging than do young forests. Testing this
hypothesis in field studies wuld be difficult,
but Forsman and others (1984) observed foraging
behavi or and docurented that spotted ow s sel ect
old gromth for foraging. Their study |ends
support to the hypothesis. Qutiérrez and others
(1984) reported that they had unpublished data to
support the hypothesis also. Sone of these data
i nclude observations of spotted ow s using perches
in riparian corridors and in the edges of old-
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growh and mature forest to search for prey in

clearcuttings and brushfields.5/

Predation hypothesis.--Geat horned ows (Bubo
virpinanus) wll prey upon juvenile spotted ows
(Forsman and others 1984, Gutiérrez and others
1985, MIller and Meslow 1985); thus it is

hypot hesi zed that spotted ows use old growh or
avoid open areas) to avoid predation by great
horned ows. The evidence for this hypothesis is L}‘
anecdotal as there is no evidence of intensive

predation on adult spotted ows or that predation

on juveniles is anything but opportunistic. It is
generally accepted however, that dispersing

juveniles of nost species are especially vulnerable

to predation. The apparent reluctance of both
juveniles and adults to cross |arge open spaces

like large bodies of water nmay reflect this

vul nerability. Extensive forest fragnentation

could affect the ability of juveniles to disperse
successful ly. \

Anot her interspecific interaction nay becone
inportant. Barred ows (Strix varia) are extending
their range and are now found in western Wshing-
ton, Oegon, and California. The barred ow is
very nuch like the spotted ow, except it seems to
be more versatile. The barred owl may becone a
serious conpetitor of the spotted ow Qutiérrez
and others 1984, Taylor and Forsman 1976). Harri et
Al l en6/ has been recordi ng sightings of barred
owms and ronitoring adjacent pairs of barred ows
and spotted ows to determne how they interact.

Adaptation hypothesis.--The adaptation hypothesis
states that spotted ows are behaviorally and
physi ol ogi cal |y adapted to old-growh forests
sinply because old growth has been the doninant,
stabl e feature of the | andscape for nany >
generations of spotted ows. This hypothesis
woul d be inpossible to test. There is sone
evidence that spotted ows do exhibit behaviors
such as site tenacity (Forsman and others 1984).
Od growth may be a "niche gestalt" (James 1971)
for dispersing juvenile--in other words,

di spersing juveniles seek areas of a certain
structure that are not occupied by adult ow s and
settle in such areas as a response to the
structure. This response could be innate or it
could reflect the ow's fledging environnment.

Sunmary of determinants of habitat.--The various
hypot heses and the supporting evidence provide a
description of spotted ow |ife requirenments that
elimnate the need for terns |ike ol d-growh,
mature, and young forests. It is clear that
spotted ow s need stands: (1) that are multi-

| ayered with an understory (often containing

5/ Unpublished adninstrative study report, ”
"Wnter Ecology of Radio-Tagged Spotted OM s on

Six Rivers National Forest, HMIdt Co., cA”by

Chuck Sisco, Hunboldt State University, Arcata. CL
95521. %
6/ Personal conmunication, Harriet Allen.

Washi ngton Departnent of Game, 60C North Capitol

Wy, dynpia, WA 98504.
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hardwoods), a midstory, and an overstory; (2)

that contain large (39 to 67 inches in d.b.h.)
trees that contain cavities, depressions in
broken tops, or platfornms of |arge branches and
organic debris at least 33 feet above the ground;
and (3) that concomtantly support abundant

popul ations of small mamals, particularly flying
squirrels or woodrats. Large, fallen, decayed
trees contribute to the abundance of small namals
(Maser and Trappe 1984) and streans and seeps
woul d further raise the quality of the stand for
spotted owms. Many will equate such stands with
old growth as described by Franklin and others
(1981) and Franklin and Spies (1984). Franklin
and others (1981) suggested that ol d-growth stands
shoul d be maintained in blocks of 296 to 494 acres
to maintain their ecological characteristics. And
that 494 to 988 acres of old growh are needed to
influence the character of a third-order stream
drainage. Enpirical data (Forsman and others
1984, Cutiérrez and others 1984) indicate that
2,470 acres will make 7.7 square mles suitable
for one pair of spotted ows. The greater the
proportion of the |andscape in nultilayered and

cl osed- canopy stands, the greater the nunber of
pairs of spotted ows that can be maintained.

Managing for Viable Popul ations

Federal regulations direct the Forest Service to
mai ntain viable populations of indigenous
wildlife. The regulations state that a viable
popul ation is "one which has the estimated nunbers
and distribution of reproductive individuals to
insure its continued existence is well distributed
in the planning area" (MacC eery 1982). Habitat
must be managed not only to nmaintain this mninmm
number but also to ensure interaction anmong the
individuals. The key phrases in the regulations
are "continued existence," "well distributed,”
“interact with others,” and "habitat nust be
provided. "

Continued existence of spotted ows.--Federal and
State agencies plan to maintain 800-1,000 units
of habitat suitable for pairs of spotted ows in
northern California, Oegon, and Wshington to
ensure the continued existence of spotted ow s.
The Pacific Northwest Region of the Forest
Service plans to maintain 530 of these SOMJs (Lee
1985). The adaptive managenent approach to
managi ng for viable populations that is used by
the Pacific Northwest Region is summarized by

Sal wasser and others (1984).

Two classes of factors work against the continued
existence of wld populations: systematic factors
are continuing or recurring events; stochastic
factors are unpredictable or random changes in a
speci es' denography, environnent, or genetics and
natural catastrophes (Shaffer 1981, 1985).

Systematic factors include expanding human

popul ations, land use changes, and tinber
harvests. The migration of spotted ow s between
m del evation federal lands and | ow el evation
private lands in the Sierra Nevada subjects the
ows to land use changes brought about by
expandi ng human popul ations. A though the

devel opnent is on private land, ow popul ations
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on federal lands are affected (Laynmon 1985).
Systematic harvests of tinber have reduced the
amount of spotted ow habitat; continuing harvests
in the Coast Range are jeopardizing the continued
exi stence of spotted ows there (Carleson and

Hai ght 1985). Land exchanges among Federal
agencies and private |andowners and tinber harvest
on private land affect spotted ows and managenent
of spotted ow habitat on federal lands in Oregon
and Washington (Ruediger 1985). Past systematic
tinber harvest, including tinber harvests on
Federal |and, has jeopardized the spotted ow
popul ation of the Qynpic Peninsula (Beckstead
1985, Juel son 1985). Forsman and others (1982)
conclude that if the trends in tinber harvest
continue, spotted ows wll become rare in the
Pacific Northwest.

Denographic stochasticity refers to chance events
in survival and reproductive success. Spotted
ow ssuffer accidents, are preyed on occasionally,
and are variable in producing young from year to
year (Barrows 1985, Forsman and others 1984;
Gutiérrez 1985, CQutiérrez and others 1984,
MIller and Meslow 1985). The survival of
juveniles from hatching, through fledging and
dispersal, to establishing a territory and
acquiring a mate is subject to so many chance
events that it is rare (Allen and Brewer 1985,
CGutiérrez and others 1985, Mller and Meslow
1985).  The structure of a population (sex ratio,
age structure, proportion of adults that breed)
may r ef | ect many random events.

1985;

Environmental stochasticity includes tenporal
variation in weather, in the ows' habitat, and
in the species populations the ows interact
with--prey, conpetitors, and parasites. (Ongoing
studies by the Od-Gowh Forest Wldlife Habitat
Program (Forest Service) are documenting marked
annual variation in the population sizes and
reproduction of the small mamals that serve as
prey for spotted owls. 7/ Juvenile spotted ows
are sonetines killed by great horned ow's or
other raptors (Forsman and others 1984, Gutiérrez
and others 1985, MIller and Meslow 1985). The
probability of an ow being preyed on is partially
a function of the pattern of abundance of its
potential predators, which in turn is a function
of systematic and stochastic factors that affect
the predators' populations and is due partially
to chance. A potential conpetitor of the spotted
oW, the barred ow, is expanding its population
in the Pacific Northwest and may usurp sone of
the habitat maintained for spotted ows (Taylor
and Forsman 1976, also see footnote 6). Present
interactions between the two species are rare and
by chance; in the future, barred ows could bring
systematic pressure to bear on spotted ow s.
Juvenile ows leave the nest before they can fly
probably because of increasing nunbers of
parasites in the nest (Forsman and others 1984).
Leaving the nest at an early age increases the
susceptibility of young ows to accidents and

7/ Unpubl i shed data on file. Forestry Sciences
Laboratory, 3625 - 93d Avenue SW Qdynpia, WA
98502.



predation.
unpredi ctabl e changes in habitat,
destruction by high winds or by small wild fires,
have affected the carrying capacity of the Gfford
Pinchot National Forest for spotted ow s.

Ruedi ger (1985) docunents how
such as

There are no data on the genetics of spotted ow s,
but Barrowcl ough and Coats (1985) discuss spotted
owl dermography in the light of current genetics
theory. They illustrate how chance genetic events
can be of great inportance when popul ations are
small. They also point out the differences
between effective population size and total

popul ation size. Effective populations (froma
denogr aphi c- genetic standpoint) are nuch smaller
than total populations.

Nat ural catastrophes play an inportant role in
forest ecosystenms in the Pacific Northwest. The
nature and distribution of old-growth forests are
results of catastrophic fires that occurred 200-
1,200 years ago (Franklin and Dyrness 1973).
Large areas of spotted ow habitat in the Cascade
Range of southern Washington were destroyed in
the early 1980's by the vol canic eruption of Munt
St. Helens (Ruediger 1985). There is an interplay
between systematic and stochastic factors.
Systematic factors may depress popul ation |evels.
At | ow popul ation sizes, stochastic factors are
of great inportance. In at least two areas (the
Coast Range in Oregon and the A ynpic Peninsul a
in Washington) systematic factors have reduced
spotted ow popul ations to the |level where
stochastic events nmay deternine whether or not
the populations persist. Indeed spotted ows
have al ready been essentially elimnated fromthe
Coast Range in northern Oregon and southern

Washi ngt on. In other areas (northern California
and the Cascade Range in Oregon and \ashington)
systematic factors continue to deplete spotted
ow habitat and are probably a greater influence
on spotted ow popul ations than are stochastic
events. Barrowcl ough and Coats (1985) suggest
that the 800-1,000 SOMJs (habitat for one pair)
pl anned for the Pacific Northwest will be adequate
to mnimze stochastic denmpgraphic and genetic
effects in a "best case,, inplenmentation

scenario. Shaffer (1985) concludes that nore
than 1,000 SOMJs nust be provided to maintain the
1,000 pairs of adult ows that he feels are
necessary to mnimize stochastic environmental

effects. Ensuring 1,000 pairs requires nore than
1,000 SOMJs because not all SOMJ will be occupied
by pairs all the tine.

Distribution.--Forest Service guidelines for

spotted ow managenent incorporate requirenents

for distribution and interaction. 8/ Spotted

ow managenent areas (SOVAs) are to provide

habitat for three or nmore pairs of spotted ows

and are to be 12 miles or less apart. Single-pair
SOVAs (equivalent to a SOMJ) are to be established N

8/ Unpubl i shed administrative docunment, 1983.

"Regi onal Guidelines for Incorporating M ninum
Managenent Requirements in Forest Planning,, Jeff
M. Sirmon. Pacific Northwest Region, USDA Forest
Service, 319 S.W Pine Street, Portland, OR 97208.
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only to inprove the distribution of SOMJ and nust
be 6 mles or less from other SOWUs. | npl enent a-
tion of the guidelines for distribution and inter-
action has required nore SOVAs than were thought

necessary for continued existence from the stand-
point of population size (Beckstead 1985, Carrier X
1985, Lee 1985. Ruediger 1985). These guidelines
still seem reasonable in the light of additional

information on spotted ow dispersal Cutiérrez

and others 1985, Mller and Meslow 1985). It is

o

difficult however, to neet the guidelines in the
Coast Range (Carleson and Haight 1985) and on the
O ynpic Peninsula (Beckstead 1985). The guide-

lines do not (and cannot) ensure interaction
among all spotted ow popul ations. The popul ation
on the A ynpi ¢ Peninsula seemsto be isolated from
all others by Puget Sound, extensive human

devel opnent in the Puget Trough, and large areas
of unsuitable habitat in the Chehalis Valley and
southward.  The popul ations in the Cascade Range
in Washington nmay be isolated from those in the
Cascade Range in Oregon by the Colunmbia River.
Simlarly, the Wllamette Valley may separate
Coast Range popul ations from Cascade Range

popul ations in Oegon. And the guidelines do not
account for stochastic environnental events,
catastrophes, or chance denographic events that
result in unoccupied SOMAs. The guidelines
assume that SOVAs will persist indefinitely and
will be occupied routinely.

Habitat.--Sinply defined, habitat is the area

occupied by one or more individuals of a species.

The Pacific Northwest Regi on managenent gui delines

(see footnote 8) define the requirements of a >
reproducing pair of spotted ows as 300 acres of

old growth in a core area around a nest and an
additional 700 acres of old growth in patches

larger than 30 acres within 1.5 mles of the nest. 5.
If there is not 1,000 acres of old growth within

1.5 mles of the nest, then the oldest stands

avai | abl e nay be substituted for the lacking old

growt h.

It has not been possible to |ocate SOMJs on the
basis of actual nesting sites and hone ranges;
SOMUs and SOMAs have been established using crude
surveys for spotted ows and old growth and to
mninze |and-use conflicts (Beckstead 1985,

Ruedi ger 1985). To be effective, SOVAs nust
contain pairs of adult ows that fledge young
fromtinme to time. It is not safe to assume that
all 1,000 acre areas of old growth (or a mxture
of old-growth and nature forest) will contain a
reproductively active pair of spotted owms. In
general, old growh is habitat for spotted ow s.
But in specific instances, to be habitat the
forest must contain nesting, roosting, and
foraging-sites, a sufficient abundance of prey, a
suitable mcroclimate, and spotted ows to be
habitat. The |, 000 acre guideline is based on
the smallest area of old growth known to support
a pair of spotted ows in a heavily fragnented
forest for a 4-month period; the average acreage
of old growth per pair in that forest during the
4 nmonths was over 2,000 acres (Forsman and Mesl ow
1985).  Thus one woul d expect, and experience has
shown, that many apparently suitable areas (as
defined by the guidelines) do not contain spotted
owl s (Beckstead 1985, Ruediger 1985). Therefore
the size and character of SOVAs nust be ultimately
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determined by verification procedures and
monitoring (see Carey and Ruggiero 1985). (ne
approach would be to designate nore than 1,000
acres of old growh per pair until occupancy of
the SOMAs has been verified and monitoring has
shown that pairs are reproducing and that most
spotted owl pairs can exist and fledge young with
1,000 acres of old growth.

Sunmary of managing for viable populations.--The
accunul ated information relevant to ensuring
viable populations of spotted ows in the Pacific
Nort hwest includes the following findings and
concl usi ons:

1. The existing guidelines for the network
distribution of SOVA's still seemreasonable in
view of recent research on dispersing ows.

2. Oiginal studies showed that the average
amount of old growth in the ranges of ow pairs

is around 2,200 acres. Subsequent studies
corroborated that work.
3. Distributional guidelines require a network

of 800-1,000 spotted ow managenent units. A
denographi ¢ anal ysis concentrating on genetics
concludes that 1,000 pairs of ows would be
adequate for ensuring continued existence
throughout the existing range only in a "best
case,, scenario. And a viable population analysis
consi dering systematic and stochastic factors
concl ude that morethan 1,000 managenent units
woul d be necessary to maintain 1,000 pairs of
ows. The viable population analysis is
corroborated by case histories of inplenentation
of spotted ow nmanagenent plans and the
prelimnary results of a nonitoring program for
spotted ow s.

4. Mnitoring can be used to deternine occupancy
rates and rates of loss of habitat. The results
of nonitoring could be used to deternine how many
managenment areas would have to be set aside to
ensure that a mnimm of 1,000 pairs of spotted
owm s would be maintained and what margin of
safety (additional management units) would be
necessary to offset |oss of nmanagement units to
unf oreseen events.

5. Managenent for viable populations of spotted
owms will be effective only if there is close
col | aboration anong |and managenent agencies to
i npl enent a common managenent scheme.  That
situation does not exist today. State and Federal
agenci es have not adopted the same guidelines.
The Forest Service, which manages the mgjority of
the remaining suitable habitat, is carrying the
primary burden of ow nmanagement. Al so, the
National Park Service, because of its mission to
mai ntain natural environments, is protecting the
spotted ow habitat on its lands.

FORTHCOM NG | NFOCRVATI ON

A review of ongoing research and nonitoring
Qutiérrez and Carey 1985) reveals that a
significant amount of new information is being
gathered on spotted ows. Research on the

109

seasonal rmovenments of spotted owms in the Sierra
Nevada is continuing. State wildlife agencies
are conpiling inventories of actively used spotted
oW territories in California and O egon and
estimates of the statew de population in \shing-
ton. Habitat use by adult ows is being described
in California and Washington. Breeding, reproduc-
tive attainment, and dispersal of juvenile owWs is
being studied in California, Oegon, and \shing-
ton. Information on the food habits of spotted
owms is being accunulated throughout the Pacific
Northwest.  SOVA occupancy rates and spotted ow
home ranges are being determ ned in Wshington.
The Bureau of Land Managenent is planning a
monitoring study in Oegon that also will
determne occupancy rates and reproductive
attainment.9/ In California, the Bureau of

Land Managenent is determining the effect of
tinber harvesting on nearby spotted ow s. 10/

THE STATE OF WLDLIFE SCI ENCE

Wldlife managers and researchers are addressing
the problem of ensuring the continued existence
of regional populations of species that are
jeopardi zed by the accunulating inpacts of human
activities (see Lehnkuhl 1984 and Shaffer 1981).
But theory and managenment concepts are still
poorly devel oped. And case histories and
enpirical data are lacking. Theoretical
constructs for defining dependencies of species
on particular types of environments or elenents
of the landscape are not yet supported by
successful application to real situations (Carey
1981, 1984; Crow ey 1978; Van Home 1983).
Theories for determning the patterns of
abundance (nunbers, sizes, spatial distributions)
of suitable environnents that wll mintain
sufficient numbers of individuals for the species
to persist despite systematic pressures and
stochastic denographic, genetic, and environ-
mental events arejustbei ng devel oped. Concepts
for determning mininum viable populations have
been proposed (Lehnkuhl 1984, Salwasser and
others in press, Shaffer 1981) but not tested.

Many authors have addressed the general aspects
of population genetics as related to conservation
(see Schonewal d- Cox and others 1983 and Soul é and
Wlcox 1980 for exanples), but very little is
known about the role genetic events play in wld
popul ati ons. For this paper, | applied concepts
of dependency to the problem of ensuring the
continued existence of spotted ows in the
Pacific Northwest. Shaffer (1985) applies the
concept of nininmum viable populations to spotted
ow managenent. Barrowcl ough and Coats (1985)

1984, "Northern

by the U S

Bureau of Land

825 Ne Miul t nomah

9/ Unpubl i shed draft plan,
Spotted OM Managenent Plan,,
Departnent of the Interior,
Managenent, Oregon State O fice,
Street, Portland, OR 97232.

comuni cation, C J. Ral ph, Redwood
1700 Bayview Drive, Arcata,

10/ Per sonal
Sci ences Laboratory,
CA 95521.



exam ne spotted ow nmanagerment from a popul ation
genetics standpoint. It is evident from these
three papers that long-term enpirical,
denographic studies will be necessary if there
are to be definitive answers to questions about
the viability of spotted ow populations. But
the need for further devel opment of theory and
concepts is also evident.

| NFORMATI ON' NEEDS

Three types of studies are needed to refine
spotted ow nmanagenent: nonitoring studies,
denographi ¢ studies, and region-specific studies.

Moni toring Studies

The nost inmrediate need for information is to
determ ne how well the present managenent is
working. Are ow s using spotted ow managenent
areas? Are the ows in SOMAs routinely produci ng
young? What happens when the old growth in a
SOVA is gradually reduced to the |, Q0O acre-
per-pair standard? How long does it take a
vacated SOMJ to be recol onized? A nonitoring
programto answer sorme of these and rel ated
questions for the SOMAs in Washington is
described by Carey and Ruggiero (1985).
Denographic  Studi es

A najor gap in the know edge of spotted ow
biology is spotted ow denography. Wat are the
|ife expectancies of ows? At what age do ow s
first mate to produce young? Wat are the age
structures of various populations? Wat are
common rates of reproductive attainment? \hat
are the rates of recol oni zati on of vacated
territories? What are conmon effective

popul ation sizes? Wat is the genetic diversity
of the various populations in the Pacific
Northwest? |Is there regular exchange of genetic
nmaterial among the various populations in the
Pacific Northwest? How are denographic
paraneters affected by forest fragmentation and
increased isolation of breeding pairs?

Estimates of denographic paraneters can only be
gained through long-term (10 years or nore)
studies of |arge numbers of ow territories (say
45-100) in each of the six nmajor geographic areas
of the Pacific Northwest. To be effective, both
adult and juvenile ow s woul d have to be banded
in the study areas. During capture of the ows
bl ood sanpl es could be taken for genetic studies.
CGenetics could, thus, be a part of the study of
denography. Because of the large-scale nature of
the studies, they woul d have to be cooperative in
nature. Denographic studies could capitalize on
nonitoring studies but it is unlikely that
nonitoring studies would be conducted for |ong
enough periods to substitute for denographic
studies. Denpgraphi c studies are expensive and
woul d not provide managers with definitive
information in just a few years. The information
fromthe denographi c studies woul d be npst
appropriate for building popul ati on nodels and
for contributing to theories about m ninmum viable
popul ati ons. The enpirical data, nodels, and
theories could then be related to nanagement.
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Regi on- Specific Studies

Most work on northern spotted ow s has been
conducted in Oegon and northern California.
Information on habitat use that is specific to
the Aynpic Peninsula and Cascade Range in

Washi ngton should also be devel oped. Ongoing
research (Allen and Brewer 1985) and a SOMA
monitoring program (Carey and Ruggiero 1985), if
continued, will provide the necessary regional
information. Research on California spotted ows
in the Sierra Nevada nust continue if reasonable
nmanagenent reconmmendations are to be made for the
apparently migratory populations there.

CONCLUSI ON

When the results of recent and ongoi ng studies
are published, the information on the habitat
requirements of northern spotted ows should be
sufficient for managenent purposes. More
definitive information on what constitutes the
size of a viable population of northern spotted
ow's, however, wll be available in the future
once a theoretical framework for defining
viability is developed. But it seens likely that
no fewer than 1,000 pairs of adults will be
required. Recent studies of juvenile dispersal
suggest the present guidelines for distributing
SOMAs should be nmaintained. It is unlikely that
nore definitive information on distribution of
SOMAs can be gained through dispersal studies.
The major information gap is how wel |l present
managenment is working. Mnitoring will be
essential for effective spotted ow nmanagenent.

Long-term studi es of spotted ows will allow
devel opnment of nodels of viable populations. The
data fromthese studies will however, be of
limted use to managers because nost decisions on
the retention of old-growth and mature forests

will be made before the results of such studies
will be known.
CQher studies will be useful. Studies on how to

silviculturally create old growth or how to speed
forest devel opment will provide the information
needed to replace old growth as it ages into
climax forest. Studies of interactions between
spotted ow s and barred ow s coul d add anot her

di mension to the concept of viability. As with
nost wildlife, there are nunerous aspects of

bi ol ogy that could be studied but that have no
apparent, imediate nanagement application. Such
basi ¢ know edge enhances managerent in the |ong
term
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| NFORMATI ON° AND RESEARCH NEEDS FOR SPOTTED ON.  MANAGEMENT

R J.

ABSTRACT :
-are presented.
under st andi ng that
regions and that

conducted together.

The information and research needs for
The following priority list for

research needs may vary anmong USDA Forest
many research topics could effectively be coordinated or
Research and information are needed on: (1)

Qutiérrez

spotted ow nmanagenent
research is given with the
Service

popul a-

tion dynanmics, (2) major prey ecology, (3) habitat requirenents,

(4) juvenile dispersal, (5) effects of habitat nodification on spotted

owms, (6) inventory and rmonitoring, and (7) ow genetics.
The National Forest Minagenent Act of 1976 (U S. strongly influenced by discussions wth Caneron
Laws, Statutes, etc. 1976) requires the USDA Barrows, Eric Forsman, Gordon CGould, Stephen
Forest Service to develop Land Managenent Pl ans Laynon, Charles Sisco, and David Solis during an
(LMPs) for each National Forest. These plans will informal spotted ow workshop at Arcata, Califor-
contain spotted ow (Strix occidentalis), manage- nia, April 6-7, 1983. The responsibility for
ment plans (SOWs). The Forest Service is funding devel oping the following list, however, is ny
several studies to provide-information on the own.

basic ecology of the northern spotted ow (S. o.
caurina) to help fornulate SOVMPs within the general
tmps. Because these LMPs will be conpleted within
1-2 years and then be subject to review and
revision in 5-10 years, it is inportant that
research continues on the northern spotted ow. In
this paper | suggest areas of spotted ow research
that will provide much of the information needed to
adequately review and revise the Forest Service's
SOWS .

| believe that there are sone areas of spotted ow
ecol ogy that need i medi ate research attention. |
present in this paper a list of research needs
that is the result of ny personal experience wth
spotted ow's, the suggestions of this synposiunis
participants, and suggestions from other spotted
oW research biologists. In addition, nmy list is

R J.
|ife managenment
Wldlife Mnagenent,
Arcata, Calif.

Qutiérrez is an associate professor of wild-
and chairman of the Department of
Hunmbol dt State University,
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SPOTTED OAL RESEARCH NEEDS

The followi ng suggested areas of spotted ow
research are listed in ny priority order. Cearly,

several different research investigations nmay
continue concurrently. It is ny intention only
to suggest areas of research that will provide

critically lacking information on the spotted ow.
| further encourage all research on the spotted
owm to continue and to be shared anong all
interested persons.

Only the work of Forsman and
others (1984) presents any substantive data on
popul ation biology. Yet it is clear from
Barrowcl ough and Coats (1985) that denographic
studi es should be considered a top priority.

Such information as age at first reproduction,
life span, reproductive potential, and adult and
juvenile survivorship will be needed to construct
model s sufficient to predict effective population
size. This information will also be critical for
evaluating the inpact of environmental change on
the species (Shaffer 1985).

1. Denography:




To ny know edge the only study currently in
progress dermography is in northwestern
California®8potted oWl nonitoring in the
National Forests of Washington State will also be
a source of dempgraphic data by observing changes
in occupied territories (Allen and Brewer 1985,
Carey and Ruggiero 1985). | suggest that nost of
these studies be replicated to assess geographic
variation wthin northern spotted ow populations

and anong other spotted ow subspecies. It is
apparent from other studies that there is
geographic variation within aspects (for exanple,

food habits) of their natural history (Cutiérrez
1985) .
2. Mjor prey ecology: The ecol ogy of the major

prey of the spotted oW is not well understood yet
prey relationships may be a major reason for the
bi rds dependence on |arge areas of old growth
(Cutiérrez 1985). Barrows (1985) al so points out
the potential relationship between ow breeding
success and the proportion of large prey in their
diet. Thus, it seenms that both the flying
squirrel (d auconys sabrinus) and wood rat
(Neotoma sp.) warrant investigation.

Several studies are assessing the status of these
animals in old gromh (Raphael and Barrett 1984,
Ruggi ero and Carey 1984). These studies are not
designed, however, to provide the nost needed
information on these animal's popul ation dynanics,
distribution, density, and geographic variation in
abundance and reproductive success within known
spotted ow territories. The study of spotted ow
prey could be effectively coordinated with ow
denographic studies. This could be acconplished
through nonitoring prey popul ati ons wthin known
spotted ow territories. Southern (1970)
successful ly used this study design with tawny
ows (Strix aluco).

Throughout this discussion | will not predict the
cost or the time required to conduct these
studies. The cost and time necessary to effect
these studies will depend on the |ogistical

constraints of terrain, the level of statistical
precision required, and the type of research
investigation (that is, population dynamics vs.
habitat analysis).

Fundi ng consi derations and deci sions should be
made using advice from people who know the terrain
and the |ogistical problems of sanpling within a
particul ar area.

3. Habitat requirenents: The specific charac-
teristics of habitat used by and available to
spotted ow's are not identified for all major
areas of the ow's range. Solis (1983) provides
data for northwestern California. Laynmon (1985)
wi |l provide specific habitat characteristics for
the northern Sierra Nevada. Yet data from nmesic
Oregon and Washington, arid Washington, and the

Alan Franklin and others,
Hunmbol dt State

1/ Study in progress,
W dlife Management Departnment,
University,. Arcata, Calif.
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caurina in Mendo-
California are

di sjunct populations of S. o.
cino, Napa, and Marin Counties of
not available. In addition, the relationship
anong home range size, habitat dispersion, habitat
quality and reproduction is not well understood.
Habitat nodels are as yet lacking for the spotted ¥
om. A US Departnent of the Interior, Fish and
Wldlife Service, Habitat Evaluation Procedure
type Habitat Suitability Index Mdel is being
devel oped by Sal wasser and Laynmon (in press). In
addition a nodel for predicting suitab}e nesting

habitat is being devel oped by LaHaye.z

{»

One aspect of habitat research that is very
inportant (when trying to predict the inpact of
managenment scenarios) is quantifying the total
available habitat for spotted ows. There are no
publ i shed accounts that have assessed the total
amount, patch size, or distribution of suitable
spotted owl habitat in the Pacific Northwest.
Renot e sensing technol ogy does exist for
conducting such a study.

4. Juvenile dispersal: The pattern of juvenile
di spersal and the success of ow dispersers are
still inportant questions to resolve. Dispersal
studies, however, are expensive research consid-
ering the resultant data. At this tine | feel it
is inportant that the study of MIler and Meslow
(1985) continue for its final year. Barrowclough
and Coats (1985) point out the inportance of
juvenile dispersal for estimating effective

popul ation size.

In addition to the study of MIler and Mesl ow
(1985), Laynon (1985) is conpleting a limted
study of juvenile dispersal in the Sierra Nevada
in California. H's studies will provide useful
conparative dispersal data.

(w

5. Effects of habitat nodification on spotted
oMs : Mich tinber harvesting is occurring in
known spotted ow habitat. There is anple
opportunity to study the inpact of tinber
harvesting on spotted oW reproductive, foraging,
and habitat use in National Forests. Knudsen-
Vandenber g Funds can be used for rmonitoring wld-
life affected by a specific tinber harvest.
Wthin a region of the Forest Service or the
Bureau of Land Managenent a sufficient owl sanple
size coul d be gained through regional cooperation
and planning to study the inpact of |ogging on
resi dent ow s.

Control | ed experinents on the effects of tinber
harvesting will be mre difficult to execute
given the nature of comercial tinber harvesting
in the Pacific Northwest and the nunber of ow
sites needed to gain a high level of statistical
precision. Thus far, only anecdotal data has
been gathered on the effects of tinber

(€%

-%Study in progress, WIliam LaHaye, Wldlife
Managenent Department, Humbol dt State Univer-
sity, Arcata, Calif.
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harvesting on ow s3/ (for exanple, Forsman and
others 1984, Solis 1983).
6. Inventory and rnonitoring: The Forest Service,

Bureau of Land Managenent, and various State wld-
life agencies have all conducted sone spotted ow
inventories. The efficiency of these efforts,
however, has never been assessed. | believe ow
popul ati ons were probably underestinmated. |nven-
tory was done through calling surveys, and response
rates during these surveys may have been affected
by time of day or year, by tenperature, by
reproductive condition of the ow, by territorial
status of the bird, by individual variation in

oW response rates, and by the number of calling
epi sodes within an area. If spotted ow nunbers
have been underestimated, then the magnitude of
the inpact on regional populations of ows would
be greater than previously anticipated by spotted
ow rmanagenent schenes.

Monitoring of spotted ow territory occupancy rates
shoul d be addressed to predict the effectiveness

of the spotted ow management plans of the Forest
Service and Bureau of Land Managenment (Carey and
Ruggiero 1985). Allen and Brewer (1985) are
currently nmonitoring spotted ow territories in
Vashington.  Sone of these monitoring studies
could be conducted in concert with studies of

popul ati on dynami cs.

7. OM genetics: Cenetic variability in spotted
owms or between spotted ow demes has never been
investigated. This information may be inportant
for constructing models of population viability
and determning genetic relationships anmong
spotted ow populations. These investigations
could be conducted as part of larger studies
(Barrowcl ough and Coats 1985). Regi onal
coordination would be hel pful.

ADDI TI ONAL SPOTTED OAL RESEARCH PROGRAMS

In this section I wll mention several notable
research progranms that have not drawn the sane
attention as the Oregon and Northwestern
California studies. | nention these to facili-
tate communication among persons interested in
spotted ows. The first is the long-term
investigation of Cameron Barrows at the North
Coast Preserve, Bransconb, California. Barrows is
continuing his prey studies presented elsewhere in
this synposium (Barrows 1985) and is monitoring
the long-term reproductive effort of a few
selected pairs of spotted ows. Another research
effort is being conducted in Washington by Harriet
Allen and Larry Brewer of the Washington Departnent
of Game. Additional studies by Alen and Brewer
(1985) and Barrows (1985) are discussed above or
el sewhere in this synposium (A len and Brewer 1985,
Barrows 1985). Allen and Brewer are also investi-
gating a very inportant aspect of spotted ow

%/ Unpubl i shed data on file with R J. Qutiérrez,
Wldlife Mimnagenment Departnment, Hunboldt State
University, Arcata, Calif.
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bi ol ogy: conpetition and interaction between
spotted ow s-and barred ows (Strix varia). In
addition. the Pacific Northwest Region (USDA
Forest Service) is nmonitoring the inplenmentation
of their spotted ow management plan. This
|atter investigation is headed by Bruce Marcot.
Efforts are being nmade to design, to inplenment,
and to coordinate monitoring of spotted ow
managenment on Federal lands in the Pacific North-
west through a Federal interagency comittee
under the auspices of the USDA Forest Service's
Ad-Gowh WIdlife Habitat Program 4/

This brief outline of research needs and research
in progress has been presented to encourage
spotted ow research in areas for which nanagement
agenci es have specific information needs. The
Ad-Gowh WIdlife Habitat Program of the USDA
Forest Service, Pacific Northwest Range and
Experinent Station, QOynpia, Wshington, has been
serving as a clearing-house for west coast

spotted ow studies. Investigators are encouraged
to coordinate their efforts with that program
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ENGLI SH AND METRIC EQUI VALENTS

Metric

1 inch = 25 mllinmeters

1 inch = 2.5 centineters
1 foot = 30.5 centineters
I mle = 1.6 Kkilonmeters

1 ounce 28 grams

—

1

1

°F

pound = 453.6 grans
ton = 0.907 netric ton

acre = 0.40 hectare

= (9/5 0+ 32
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Engl i sh

1
1
1
1
1
1
1

1

mllinmeter
centineter

neter =

= 0.039 inch
= 0.39 inch

39.37 inches or 3.28 feet

ki | onet er

- 0.62 nile

gram = 0.0353 ounce
kil ogram = 2.2045 pounds

metric ton

hectare

= 1.02 tons

2. 47 acres

°C = (¥ - 32)/1.8
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